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!he .,.wUftB. d.UV1bUtioD ot .1tl&DtJ.o aal•n 1D specialq rl•iped 
ntrollell flaw cheuela wu atudial 1n relat.toa to 8Jt8H!ls.AI deuit7, 
., .. ' .... tve, ., .. .U.OiQ', _,_ dept.h, , .. , .. plaat ......... 
rook vein, aDd t.l-.tJ.na ehelt_.. 1a aa a\'-Pi to clft'iee ••a•• 
procedur• 1l1bioh wo1Wl r.tuea egg •l"tallti7 oa Ule .,awaiD& lMda &1"181fta 
flWI eaa n•t onrlap &r&d eg predatJ.oa. 
Blbador obaw aUona i:ncluded dalq eoua't.8 of apawaen eooupyiJtc 
Wa 1a Yal"1ou aectJ.ona, da1li poaitioaiQ& of t.ged tub ill ... 
•• u.or. 
or 1a a apecta''F brd.lt. obti_._Ucm cllaaMr. Spa1m11c ar• plae.S 1mo 
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ftew1ned b7 ...,_ri.MA to theor.Ucal pnbe.bi.U\7 dietri.~. T•t 
I 
eu plaat. •unr~~t, vein ud ebelt.en v•• lut&ll.t la \he che•u aDd 
. 
nl"''eDt. Ja\t..,. no\ed allloa't \be foftMII' a.. Da~ •HI" '-feratve 
flllowaU.O. ud t1a1q llaoWaUoaa 1a t1ab fnllu...U..C epPid II& W. v•• 
Adulte apavMd aueo-ful.q tree et aa-iowl pradaUoa, db .. • 
or eu ret.eu.oa. f-.1\or.lali• aacl •u..a w_.. ••••• 1ft eatabltebed 
pal.rB. 'lbe twrit.ol7 ott• cbaqfld lD looale aDd •t• •p•iall7 ..apt 
tibe al•. F..:L• did no\ alva7• place tbaiJ" spaDilap 1a oae redd aDd 
one nckl .... oft• ••JIOaed o~ eaga tra •...-..1 ditf_._t, t..u.... Jl..U.t-
•1•u parr ud \nut. w•e diaccrnred u pot.mUal aaJ,.,a ega predat.on. 
iaol&t.ed oft cme cbalael a tieD cODtahdDIJ a rock v.S.r. Ae the apt.WD1Jc 
cleai:~ e J'&iaed 1D chalmel eectioaa, the r.sct u- dtat!Jiahed but redd 
llllptrillpold.tJ.oa •till n\i.Aud to incr.... At the hi&h•t ape.waiaa 
d .. if,J Sapoa 6.4 eq-.n 7arda 2S pw ._, ot tile 
1Md ar• -. ill r.._ ld.th l3 pv act, ot t.bia ~··· But 
eoJINl&Uoa ot da:1ll' •'- waperat.ve tl.uo~ 'Nlt.b .,. •• ,. ..UYitJ' 
.. IJipttllaM b oae r.r '-at. I.Dataa:f.tt .. t the fDllowiD& ,...,.. a.l-
v_.. na:tlale ill their*'- ftloeit.J aad •'-' d~\h pret•--• att .._.. 
111\• aDCl aeleotJ.o v_.. Jara.q a rctl ~ioll of t.h• •t.er pro~ 
••ilable. • ~.- eu plaat. •UDde atteokcl tb• recl4 dlavibla\1oaa 
OVl"8lt pa\\_._ a~ tb• ...Sa JJMU.oaW u• ot _.,_ tnabt.rrantaa 
0\lft'IDt. Ute toi'WU'Cl ~ ot the •uada _.._.. adl&l.\8 placed r..W.. 
SJctal ... eoacrtPW DDtab1l' uad_. ehelt.w iD llOldht~ poola bU ..t Wid• 
.tlel.t.r Oftr' WJd.Da 
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wains pairs pal'\icipatt.Qs 1n t.wo 
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R«lu ara p_. t-.1.~ and perc~ ndd 
~aiUOA nlat.ed to ·-~ 
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pl.& their • 1ft &ft'Ml bed• ot .,....._. !b1a ht.a •"J*01allJ rttettiwd 
•\t. 1A PacifiC •l-n n].,.ele• wt\_.. h~ ap c:tealtj.• oft 
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an u cn-.u~. a .. , u. apa~ln& ~tioa. or 8f.AW''"'! 
~to Oe asllllr t.barl in }' ... c;1f1.e CO.~ ~P'IWmlJ M'J11Q& \hat. tbe 
.. --
7
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• STUDY LOCATIONS 
? 6T Miles 
• 
' 
P.l&• 2. V1 of bacJS ea ii1-- f'.ent.l'olled Flow ~WD1Da (#lw!!QMJ. w:i.tb t.oR 
pea ahowa. 
4 
bu, tb_.., a, U.. r oa a t• poiate atxnat, .. ,!lOll~ 1Jl 
CI'IUiLJIDA~ WDOIIMII aN -~ tha\ pG'U.Det e Wpio -~ ..., at.UJ. ~ 
rw•• ~ alwa1 4e. 
I*"•a 11.- CetltaU .. n.r ObeMel aDd Jloel Pa-.l'e ~ 
.v.a. ODe or tMo 111ater ldake •• t.Jtol the •t.er ~\J&h t.b• INa 
the ev ldtll• the gracU.•t. and wid'Ul •-tp. pro'ri.de nloo1U. .. and dep\ba 
of water witbia tb- at a r.,.S..e ad•1tar '- t.b&t preri.o,...q ........... •• 
13111aed epunr'na Hda o1 .-to""""•nd ••'•• at.r... 'lh• c---.1 
dt= .. tena Ull ~ rad1~aa pzrovidtd b;y eaoh cb•nwl'• d•'-sn 
~ \be • are 11..,. 1a 'fable I. SpaVD.lDc araa witb bo:UUaa poola 
a...-t.la« th• ...Uta• ...:h ebamel. O)a ana tMtll't.a1aa av.a paftl 
•r .. edWi 
ow-.1 -~ auch aa thoae d-J'1Nd abo'ft atford -. 
acnaa\q• tor OODCluoUDa at.udi• ot epawalaa cl18Vii:NUea beeau.e ott-
&Dd -~ tal anitOJ'Id.U• o--.t.ed. 1a tbe ~ aDd bot.toa tn>e 
lV d•iga- the HAlt 1• a OOIIpJ"OIIiae betM .. ill~ ar\i.tiolal. aql~Uita 
01" tank ai~atJ.oa and ~· 
(1959), ill bt.J at.udi ot ~ At.laat.io au-a found field obs ..... tioM 
ot tiah Wllll• t.wal. co cU.t.lou cd.rae:q d1tf1cult to llllke aad 1rsterpnt. 
Hawner • b7 ue of tank•- uti.ticial light aDCl lDv •Uoa oinephotogn.pb;r, 
Jon• aDd K1D& (1949, 19SO) wen abl.e to ..n COftt.inuo• aDd t.boi"'U&h 
obe ... t.ioa ol u'•a beba"fior Min]¥ at the lat.ra-pair level. 
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'110 '14 V4' 3/8" 1/211 3/4"1" 11/211 2" 3" t200 f.IOO 140 
SIEVE SIZE (TYLER) 
tablA I. nt••efou aDil b.fdn.WJ.c coDdiU.Ou ua at Indiu Biftl" 
llottl Paul '• N. c1ur1n& ·~. 
FactoP hr''•a Ri..v IIMl Paal'a BNok 
IAilC'b ill , .. 1lJO 900 
(~M) 
Wid.tb during a\ud.J' 16 16 
Diecbarge 1a ~o t..., l8 lS 
per •eooad ctariDc 
•tud7 
Bed waHl" wl6c1\7 o., - 2.S o.s - a.s (teet. per • . } 
Bed vat.er cleptlut o.s - a.o o.s - a.o (.r.n) 
Sol"" Dg pool cleptba 
(t..t,) 
z.s - s.o z.s - 4.0 
cletailed l.enl of •w.t¥• 1ft& t.hq d1cl prvvid• t• -'••ioa ot IIJI&1IIId.QI 
atudia to iDolwte __.. o.t the rel&U.Onabipt Htw._ -.r1owt .,. ..... 
ill aa ~ .re ooat.nlled thaD a M\ual. ri'fW apawnhag ~liDd. 
Sinaie pain ot .,.._..,... contined to •all ar .. of obauel (i.e. 
~t, pea~~•) tor iDtn-pa.ir atudy, t 11011t ot \be ...,..la •• plA•ed 
n -u1a"ta the .,....,, .. of flab held 1a ~- __. .... in laraer ..... 
or •aeet-ioae• awe tbe epewetng decsitJ..• could be .aipulat.ed. Jloel 
Paul'• Cba'IM16 llbiob haMled ita first epa.wniag population 1ft 196? • al.80 
•meed t.o prodde eoae add into Uon n apawn1ng &Dd dist.ribuUon 
be.tore thj_a a\ 1-.1.· Here, a spa;wnsns obsena.Uon ~ 
ai•i ler 1a principle to \bat d orl 
1 
epactnc arw ~tJ.y nbetao\i t.ed cer\ai.o ~lte ooll.&otod <m d1st.ribnt1oe 
et lni.iian IHwr 4"1uu-1nB 196S am 1~66. 
the ~ye1oat ao-peota ot vat.&r t~ra\:;re, 11fdlt, m-ecipitetiOil, 
watal' ..,.loou,,, .,.__. ~-, tmblllJrtac• aoe,.... vetr• and IINtl\eftl vere 
~~ and Ut~tr Nl.at1<1tltlbip to the sr-mtnc 41ot.r1hut..ioa •~seased. Tbe 
f!Jffeet "'"£ nuotua~ione 1D wt.e:a- tAt!ipel"'St.ure and li~t on .-,- t.o day 
ar-wnin~ t'-.au been u~ted ire ether sr>eo1~& o.t atmon1de (l'al.---t":ictne• 19S4J 
?abrietns and ~af)Q1 l~SS'). 111~ ei,nU"1e&~C4! or vaot• flnft"fll'ii.t od 
-v•ter ~eoth to a&alt ~ ~etri~~km has ba.n est•blia~~ and t.heM tact-ore 
htlW ~ivat 1~t.onaive e~tton <m hot.h oatursl aa-1 •rtii1c1A1 St""cwtr1nt,t 
!"r"O"Jr.da ( 0~a~, 11 fl• 19SSJ !'Cfllli"JJt.on eftl'i ~-.,k1mon• l9S6) . It haa 
sleo ~ '"'b.Nr\IN that ~o.H ulmonide 81)8tm at. ~laetta ~.-. tt-eft ta 
r:G-~ thr;;ueb tbe bet tom .t;erial (\'hit. , 19301 nr..t•y, lq3'2 J 
Uourd, 1932t R~h&"!\ and 'taft, 1934J St.t)~Wt., 19Slt 19%). The 
;>oa 1b111ty c.t web B:!4t~ about. egg -plant-a and weira 't"lae•d in the 
t--pm.rn!n~t: bed ot a cbatmel vaa ftAT:lnftd in l~t ot tha speming 
.-tt.stribtltUm tthiah ~t>.-11.0. rh-f.• eormeot1on ot an....ade ._l~el" eo t.n. 
di:Jtri(l•.:t.if)n of 8pfinUlv; aid nHt.iflr adU~l~ waa &lao 1nvest.1,at.ed. 
!h .... ~ie~1b-ut1o~ et~dt at. Ina ian .qiMr ctt.Ar'rfll vae conduc~ed 
m L"'lly w! t.h apiiwnor• ~re t.n• l~·AS a.rid 1 ~A6 rinr yopulat~!ose atthougb 
~"".e !rd"on:etion c:ollec\ft vith t.i'l~ l'Jc.l ant.! l'~h. pepulati•• wae 
als-o .bte1 :~. A ew ,:ary c-f ltt!lRth, v•il§ht. and so-. ratio tor tbe l%$ 
:.0 l?M s't'etn1no: oaccpeaet~te io preu~nt.ltd ia '!ebl~ II . ·me ~ueple··-•mt.al 
1nr r·>tS ~.ion eollHt.t<d tr "!4oe1 •- ul' e J>rooll Ch*"tkl 1n 1?67 involved about 
~ ti •'h h1eh w rr~ colloc\od and t.ra,.,s-ttt~ from Ad!~&# St~..am , a t.ribnterv 
of t.h~ ~,~,._ H ba'l" • !V>'!'tt" il'l Newf3iJr!d1Jp·,tj {Fi~. 1). 'rhtdl' ~i~e Al"~ ux 
• 
,.t.,n :t»M_.1~ t.hJ.f!l t,n.-;e ol ll!e~~ qcJ.e aro UtPaal lJ reter:reld to ae 
"sriJA•• (tJon•• l9S9 }. 
Ta.t:le li. 5ax., l~t.h &.w:! weight o£ Sf'~~~ usee.· e.aGto,. lnc:ia.n Fivfll" 
SJ:~woin.g \ihwmel, l ~\:;;, 1966, troel 1 rtul 's a rt:ol., 1 ~ib?. 




"He.l• f£il.t Val• r'elo P:p1e 
ll .. 1965 ll.O 11 23 so.o so.o :;,2 2.8 




~u •• 1966 144 ?8 2.2 48.0 49.0 2.9 2.6 
Sal.MD a 100 0 66.0 
- '·' 
-
Ortl.ee 196? as 5S 45 $).7 ,s.? ).2 j.J 
'lbo rast part. t thi~ at.~~ di.e¢ .. ;;>&~ ~aviol' and 
6£.~4in~: c1c81t..,y 1n r tJ.on to iWult. diat¥1but1on. ~. ~ part 
9 
A • tA&logJ.eal , pect.& ot :;s::ewr .. lng PietrlbuUoll 
l. 
StUdiu w • earriod Qttt. to pJa,in ~Uon on ~rt.ieulH.$" a.aJJOC\8 
or Spltlfbin¢ L*tarior bo ~\ Indian R1Yor &ad flMl PaUl's ctann•l· ior the 
o t1oa ol courting, \Orritori.al ctofant~o, .ad ctual spawn1rag, both 
um~&X;~:. ttd tim ;'l.n<d fi9h llil!!.rked w-3 th l.nrgcs coJ.Ourcd f'~_.s n baf'.tlus wC"tt 
at.udl OA tho O}l&fltl(#l ~nit(f£ b • ·~1n.s: .s a.rriild ou~ 86V_..l 
d&J ~tOT t;a ~~tin~ need in oNor \0 alloW< ti.h w condl tJ.on to 
1. l..t..o ;~ •or .:l..leo oba.....U in t. ctt. ; . ..ena or obafJil"Vat.ioll 
ror ~~· on ~ ··· rationlll, & tollO\(' - sOGticm Oft 
At .Indian hi v r, racUona of q£.&DD tair act.i vel.y clot~ 
a 11pa.11<~t t. it.orr t: ~rcaei~~· ·tv dt.rud.,.s w ob11V'Y.t on 
:;eot.lon .III dv.ri.ng 1966. 1he!ie react..i.QM _.. r ol"<leri coo:rding to 
tvs:-e, ff"«tUC'AC¥, lG"'el of in\Ulmlty and eo. o th t ut.a 1tlvolv • for 
each ~ ppc. &e 0 &n iut3u4 to th.- pt~ir• otJ.:oA was J"OCGt"ded f~r ~ 
Dialil~,. or \! }: J.r. ;. '1l"ft !!t'id COJ:If.O• of i_g:tt foo~ UQ_UU'N \of&a ina lled 
in th haM al.el\it wi etakrn f. l.nc a \~ toot, intwrva.a ~ide th• 
en • tl• t illt.~t t.r.9 locut1~ of ttp 111fn:fl:r5. T6 rapid 
lJ a c~ obec t cn1:1, }·l")r b.L r• o~d was unttd to l"fft: l"d & 
part.tal.lr ~0 «!. fo.r~'10.t. of 'f' ct.:1oua !.es trom O•lltull n , =-rr:t.i.ng obs -
ions eon \ durint) pr lou &f'&wnlng t";OB-9 ( i·rat.t.. l"164J r rat..t. 
~hd Stur~ , 190.5): 
¥ir~ t.. 1 
) .. e iooo VJ re 





0D ia a.Ct.iV t\<l.CJc. b)" X" id.Cin\J <:Uir Vi.t.h fl"~U\tUt 
anappiQg -oa occa~io~l bi'Ung. 
n.-aldeci ut.iv• at.t.r.ck b1 int.l"UdVI 4a 
pp1 anci oc ui. · na~ bi U.ng. 
n 
Por · -~ d:f o!" tJ"~ Ml"l"1t.ory a! spewnini: At.la~tie aatacn, tbe 
tv= •spa~ng territm-,. COS"rear-ondoo t.-: ;Jobl~ 1 1S (1939) definition 
ot t~.i"o17 na l:y, rtaay d.tended ana". Only -;.a1r9d ttalea em !tmalea 
vflt!e cb ~ tor l"tS8ct.1cm.a to out~1d·ora. 
At bOth Chacn&la, da11T eount.e or tte ~bs•rnd on th~ sttam1ng 
•rea:: we elM :reoorded toor \t-• dailyt 4aybroak (07)0 hr•)• anernoon 
(1~ ~J-1700 bra}, .-min.g (2000 hre) • ar.d 1:21daitb • To OOift-::'·lete the 
eventnr ard Midnight oen .. ila, !t waif neceeaa~r ~o •apot.8 !ist ic ~ 
li!;bt. bee Dt a bat.t.ar;r h~ern. 'raego.d ape-~ were identified and 
their po•itiol't 1"8CO'l"de4. 
In ordel" to 
different deaai\iea. 
In 196$'• the IndiaiJ iliver apawninr ucapea.nt · • divided 
!nto ~hrn ~·by pl$e1na .... en harJ-ieN .. r .... at part.10t\lar 
point. .... acl'OM tho channel. theM t1&h i~n~nt.e were celled apawaiag 
t.lor: and ... iped a mznlber ( ="i~· $). ln ~ion l (up~ part. 
or S 'flint:: Ar OM) a • n1n!t ta'lro w•• introduced 1nt.o •• b ot two 
"te!!t ·~ 1t • In t.h-. U'"'~flr pen ( Pt'n A.), e r&1Mable noor V4ta pl.-oed 
Ut"}dft"' the epewnlnft ed gravwl. 1-,.ollGWift,v. th~ ~1n, a aeon, the floor 
e e1e'"'t~d too raetliute de~atled plotting ot uy en ne•t• placed tn 
tho by the pair. 'l\mnty .. ::1"':1,. ficl! w~r!J ?ettlrt~t~tn t.auett vtth 1a1"'rtt 
c~lour-~ l-· f't1es nd eoni"in'ld t.o Sect:ic- IT,. ·..:hie O~.J.J?i ~ tbti rtt•lnint 
~At..,· "O! 3:-sw :t..n£& Ar Ona t.o ::Jool en.. Ommawe•. Sftct.ton III 
eontal:-M tn NASh which oceup1m the r~n or t..\e cbaonel. 
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Pig. s. Plac8ltllt. of spe.wnera and rock weira iD ch&DDal b7 section, spawning ara and 7-.r, IJ¥t1an 
tivv, l~S, 1~. ~· -----------------------------------------------------
u 
ft 1966, t 'l-=LPf.!f'Mnt, at TnA1an • 1 • w • ~eret tnto 
f. 1r t • n th~ fi ti~, only o teat r«s, wtt.h 
1r, a in in {~ • 5). r• were • tn • aad 
i_,laK"d ttl GO II bu.\ Ja 1 1n 19~S an he oe at hi 
da:r\Oii~' • t. lll 'tain S9 r1 
ti • 
A 1vl 
at tton IV, v1Lh 
ti !1, 1ft ·and Sb. 
In 19671 ~~ace Pill • anc wo te l • w re 'taeed 1n 
aul'• o~~ ....... ch4rn:ber for at~ or vnin, d 11. In 
1 f"aUl' e el. 2$ fiPIL1ifl!Jjtfi'"S la in ~ tton A 
( 1 ~· ~). 
I *'-1 1"'8 or ohtte -t1on, .. ,tli_ af1-'jl0f!_ vae oarri out •M~~nl 
trJc o tn . ti t.o c dit1on to 
tJOPU. a ion a • pla $4 i 
• ~h ' 111n tor the 
• th t, • 
I I h!l~ria .. t. , ~>. naitty MJJilNticna • • \ll!!t. ~ .~ l96S 1 
1 ' ... 1 • IQ .. h.., f'it"tb ol , • deceity tnd ~!cb 
ror at .1"1 - ot 
no i ( Ni • r=r &nrl PI 
-re<:-. ! r at.ek'l .... t.b 
~t.J.cm ot t e 19f>'.:.· t. •• uai.t.y ~11 
tor aU at.icna. 
-~.,~r~HJt.!o • • ~ ! tt 
la i ~ F. 
daU· on plan Yi.w • 
~ ~• ou~lt . . d on ~~~ine !n 
A~c~ t plottin of redde 
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NOEL PAUL'S BROOK FLOW > 
P1g. 6. ott.au.t 
1~ 
'!'able !II. EEC4l~ •.JMlnta c:: t.lir1 . by tr->~il'l , eeetio.rt1 ! ndian fl' i~ 
., :wn1n '=nan .ol acd ~ 0<'-!l :.:.a ut•• Spw~T ing Channel, l $65· 
1967. 
? 
1ftf! Spatft~1!lf ArM . (1!1 p!!' na1ty lma Seet.Son F lA Vtlh cu. t . ) 
It 18. 6 th.2 o.n 
liT ltt. l 10. 9 t .oo 
19M Ii and lit t; . k s.o 2~19 
tv l f! e) u .e 0. 69 
A 12. 0 6.~ 1.17 
t'b"' ,r:.tobbie or ·~d plottoF• C('l~~ 1eted t:Jf a oioce l!rf 1/b 1nch pleJr i r l.aee 
in il tt. by 6 tt. fMno.o gt-idded with 1ath1nr, into 2•toot ~a. 
A lonp vocdeo rOd greduatAd at. 0• '; ft . !~ale was placed tn a holder 
acr-;, t he 
c:tir-~ n . t tag o r a vivtm eeetton ot bttd, waa llnfd at ri~ht, 
a :1rle: t o fJu.\ Channel t'1.a.t nut ir. line v1Ul • 2 toot chennel ~Mrlter by 
.1 , a ottannel width 

1? 
~ • ..s &lao ch.aked J"edcla \hat vwe pnriouaq ~"••on • tile 
l.Nat.1oa fd ........ t.ak• &8 the·-'" or the t~ da1l;y u. ..... , 
WU\ t-"h~ dowuV.. ill tbe redd, •• poift\ n.. 11bich aU -'ber 
... iMI'Z .... n.diaW ~· One plaa .S.w •P. or \he cdalae1 1aa 
r ;aaed of a .-...rk ot ~ ......... quadft.t.. !be pO-i~* lMaU.One tor 
r •«1• v • plot,ted. 011\o \b1a ap of gri.d• whtcah eovered. Ute aix apaw' aa 
ar... 1oJo pupoee of 1llb et~ 1 tile r.sd detinecl aa a spaUal 
wati.Q' o· ·..-• .t a eeri• ot th•• dadl7 1a.ewmate eoat.iauou \JpltV.. 
ld.th "-•· 
hnc>theaia that. nckta wcre dt.triM&t a\ rancloa o'tW .aae 
8JWWfirtc wa .. , ..... a.\ the .()5 left]. ot aiplt1oanee 1a eaob aenloa 
b¥ d~ U tbe obauhid treq...,- ot quadrat.& conte1psq o, 1, 
2, 3, ~. or 5 redda agl"eecl with the Poiaeoa pro)pl!t'li\7 dieV1.._1oa. 
It .. .,. qudl'a\ 1a-'* am• observed-.. apeaed ecpaal..l.J to *• 
.. , ... ot •atetnfns a redd, thea tbe diatl'itMUoa -.a OOJUdd....:l to 
follow Ute Pole..,. dia~......... ..U. qu&ON.t. la'dua the poplllaU. --..a 
aa 1\at ~ &~-... Sinle tbe •• 1~ial t•\liiN of Ua1a nndM 
clinri.bu.tloa is t.ba\ the ~· 1• equal \o the -.a, ill -.ell aeetJ.ea, 
'-he eli .,._, b...._ the Yariance and ...,. wu -••• ~ 
\be ~t.. •• ihb bJpotbais •• aot, ...-.w Mo&uae the ftri&DM 
•• aigD1t1 t:q lug_. t.haa the aeu, th• a ... ad b.rpot.h-.ia Va\ 
redde w-. dlnri t,ed nta&1ouel¥ wu , .. , at the .05 ltlftl ot 
·~• bz t1\Uag the a-aative M!"'fti•l ategioua d1a\r11i'Mt.1oa to 
the data. Use oalcula\414 ..,._. o£ q'Ui&tUa'ts Gp4JOted tor a gi'Nl ~ 
ndcl deaai\7 wae Hd to t.be obe•"• l».ea, wi.\b t.be dbCHpaDq 
aaaeesed Cbi *'~ 
!"r .·· · ri · h ral ol" e~nt 1 portion~ o t 
thi 1 t.ne ch ttv~c rl ir. to thr . 1 of '-Q 1 
V ... Cith !.}'; etior, ·~tr.e.. .. '!'h brJened 
v c r,.; 6 ~ e on the null t-. :root.. ~81 s 
fl lao- 1 de ·• ,r 
d1a ob d i'lnd expect vae PX• 
vnin • • 
fieh eould GV freely e two 
Oft t • nt 
n 11 
('" t.ionfi II DI), or t lo o ~.eit:r, '~ otion IV) . 'rY proF nf' re 
oollt:!ct 1'j t. .. h 
t.ion t •• 
1 lly • 
• 
1. 
four ~t n , e u.n • of 
clou ~ r ~1 kir. . f ,c it tion (t . e. rain 
• 
. ch or 
• ria".ton 1r. ~ .d at.er t. atu u ceeaar 1 to a co unt .... I 
tor ~ J. . ~ ... or:al ...r:- itb • o •~ r t t h r ei 1 veria .tee could .. 
• nt 0 t. (An' tN rth , l 9,(;3J r. 1 r"-, 
194 .). 'i'hi~ epo ibl • bv fitt.1n polyn . !a CtlJ"11'tt or the t'o •• 
T • a+ bx • 
r t 
• ti :tt 
11~ ':' It orrelati ~ft1e1ente 
in 
ae int:V. t vt h 
1 
locity r cord 
it. • att upatr 11p 
o"'" t. ent tieh 
det:>th t tb~ r~ord 
• t th ,.._ 
•l t e . :n vat "o 
aJ"Ns. 
Clo ot et.aaclpipf4 arrea.!i: · ~ dur1Dg GXT&• aaa,pling about 
'ttM\ ,_-l.Ant;a ( tb.J'M pi.pq uv to 1-.R are loaat.ed Uptttl"'Gua 
ol tbJoM t..n s:lanWJ 1'1pe Ho. ) J'eifi"Qen\a t..b downatnua 
COirU'cJJ.· n tor water r val .nowa). Ind••n aiYtll" 
CbaDMl. 1 • 
21 
NlltHJ'\~ c"~n l~l clirftCtlv- "*" tt.'M.n t.~ ..-t~P1? s ';;'i"'.h ttl& 'l'tfetre waa 
aellf!lfUtl!!ii. St.~lt~!\~11 0¥':1'1'-m ~etcn'•r:ttni!ttitm• .,.er• <li~c;~ !n elenn\ essea 
drt~r."'.ir\Ct.icn by ._he MO!'Oditt.CI'd • • inklttr ~ ~bod . 1'b• Patrod ~P rbon 
Test waQ tt:~ applied to aee 11 an,. s1rn1t1oant <Utt.,eace hetwee t.b• 
Th!:~-tr er;~ vlr.t . • Utie o f M.y a~ent. ut.r1a1 an~ .~•• .r!nt 
by r.. by 4~ inor~•• ro tilad vit.h r$rt1li~f!ld ·~ and s~in~ ~~el . 
22 
r.stt 'l"TI8 at>&.:t, •r.a r:tlents . ~t.t!y\(:fi~ Bl•to anJ Mhodom1!2&-9 d.,.. VM"e r.s 
thr·:nrt e :pl~ee ot ;•14 e t;/t;-inr witt\ a e¢ms~ieted tlp whieh created a 
• 11. aed4 1 · \ tJ*lJ eroasea rk upet.r and dowast.hall 
n. • u. 
~~ ~; le 't'l&ibl .. to lett. or left c10 e, 
l*t•aa ti'NI' Ch41Mel.. 196j. 
·ezo.tu•.:1~1l ct cbar.nel l'"ebu1lt, Y. rock 'flltd.r 
tt1 t pipe tor Oi.Yg l"ea4Ulg1 Indian 
c.,rer ChadM.l• 1 • 
21 .. 
vas o t1·a+,,.,( 9 t t upst.rea.'O tro'f" ':.!--·: ~i.d&e.t portion of thE> weirJ ":o . 721 
• l~~ ~ ~t in«ll.oe .n. U?atr~am RaOu't.h of i.h.e \?elr vhile: :o . 125 
t.a'" at 5 to 6 ineh · below t.'1e ~r.·r.rece ot ,.. .e avel. 
s. 
ot•~ rcur t • 
ol ~· • • 1" rtf ti h 1 this a 
~ 1 O:J~ 1 • ~~1 e ~helt r-e tldp1 tho tNmO.r elt t"ed v~ hin ~. t:OOl 
oout~ b 1 ~. filjj!j 8pawtdnr nboltel" l.ii~.e w• •looted by u or 
:~~ .. -~~ l'lecnl';)i~~"d :: ewning lt:rea , 1". nvring ch ob~ tton. 
!'le . a.- ! ti epeamlnll' Or rP tdiftV - ~er this halter vaa notf'de 
l':lg. 14. FqtGod tloati.Ag IJhelter on s ~.-.rea Four~ ;tndtan Javel" 
Cbamel~ 1966. 
wa~-..u,. an.cr- tt.- a1.a~ aaaon 1 .. e. r:J.d-~v~r) ~ 
Nt.ent.icia waa 1\!#~l. •• U the ~iot~Ll 1·ocu.. 
• tO\Iond t.o .ull I"CCt&.i.A ~qat 1D mod eta• 1 etW.lPJi'inA or diee•Uoa 
7iticitm 1 • t.nan tiw fAD" eeM ot th -~t.a ri.pe oa QaJ.· u.,- (J,r 
tll t • 1."twt f:b;yt~:LM.l eot1ditlon o£ both ~t&es ..,.. a\ thla ~· iJl 
\h• epawaiQa CJCl -.o ...Uc\. l'b• gUU ~ al.vay& to.- to a. 
cl t1• and punlq, otsll at a t~be"rid etQ' tnqu..,- or bod,y tu~;'"'• 
~ abtaz e iatUot.t D,t rn • •.rohl ~ ttJ" to' oV1 ~-.na were 
"'Nfl17 ataor. in& t.b• poriod o.f $tu67, adult, MOrt.li\1' rrv. lredaUon 
• uoi'lpOl-taat and Dlli1~ a't.:riout.ed \o t.l'ut Hol"'** OWl !lrnifm• ). 
tto.nw. l: rt. CN'Sbr.u: :of aalt ~Uoa did occur \. 
lDCUu t-: 1YOJ" ou. to ~ J'h"tlDe ot a lil1l* ~'llht.101t <rt~a•t1a 
y1 ) whlD 1a IIDW o.1rlii COft\roU.ed: by ~PJ.Da• 
Fun a.t,t.~~t.e to ·~ upu.~ ·..,vlor at mcun ki'fv Channel 
were and• 1A S~~ Aftt;! Ml'"l.1 vct,v O(tf" of l.9{1). ~ -l~ a\ thi n t.i.::w 
• ct.1U d~g ~M "ee ~g.a at. t.bu ~u of hold.l.naJ ;;:oolu in t.ri&l 
Giuioe liti!oh ,...,.. e.U.l4Kl ia'Ul or t..t)tJ\ rfidda ~Wie Uus1 tJCeiv.S no 
• • l''i 
popal&t.toa epp abed epawtna •tVS.t7 u at.cl Oo\o'ber; 1~ waa ~ diat'U'bed 
lJ.&bt aDd poaitiordll& ot fisll on the b4da tv' thia Dllt\hod beoaae poaaible • 
. _,nc uUft\J' t.lae bede r•pneible f, r tile fcmat.loa fd 
, ... redde (er .......... ,.,. egp), win]7 ocourred at. a.iabt (ria•· )0, 
)11 ,32). •ut.~alll_, 1a all ,._... _...,tina 1965, 1t. vu poaaital• te 
obeate eoae d.al'JJ.ght. aot.i'dt.J' dllriDc thrM or tov dqa at p..X ••'•• 
•• • ald •t• oo~t'on• pwid.tt.:l.aa. 
na,u... olnl .... u... ••tend on oaq a tw tEIIal.• W11oll wwe 
a.U.wq dtgfng a pit. or ea recepta.ele a\ one l.GoatS.oa. 'l'Jur ••• 
~ al DJ ODe .ale ud frequ•t.q th_.. ,_.. OM OJ' •re 
ftab leea\84 a r\ diat.azwe, ll8\lallJ dcnmatawa, ,.._ t.h• reaid-' pair 
er t-e-nu the pit.. 'l'hia obeenatioa •ta'bUIIh.t t.be a•wal sequenoe 
of i.l\8 epavn:l.ac U\ 8~ with the d1ging ae\10D ..,. tl\e f-.J.e OD 
'the Md, 1Ml•Uec on• oqua eetwMft ill• pair aDd ••Uaa with the 
oowriq or the lerUlia.t esp in gnftl tv the f.ale. liiD.1 of Ute 
.,... .... Cfeta1Ja enablSeib.t "' tfoll• aJ3d et.hen at. oloa• rue• w:lUl t.ank 
olM.....Uloa ill t&1a oollld •t 'ba .nal.q eqNned dviDB the oba_._Uou 
at IncJ1an B:1Yer vblob w_.. ~ •lnJ,l' at distano• ot 10 - 20 feet 
boca t.be aubJect.a br 8\eMiaa eo eae of the e&tc• of the Gbaael. Hcnfenr, 
a wt.r1al run• d.ur1zla 1.96? cd the a•q built oba ..... tioa cheater at Roel 
Paul'• did • pq aoae tur\her pwt:l.ll•t 1Dtorat.1on al\bou&b .,., 
ot the op.-a\ioa wu ailled a\ a:plorlng and. r~ optll'at1on probl .. 
before condut.iq a dtltail.ed Bpfiwaiag st.uq ill 1968. 'l'he a..-.1 apaVJiiac 
beba'f'ior obauw:«< with the f-.J.eo and male plued 1ft tbt. tac1Ut.7 wu 
.Sw11ar to that. Oba_..ed iJa ! nelSen Rift&'" Cba"Ml. 
~~PCW~io¥ tho bel a.nd CODYOP~e dig.gin:: Ol" cvt\illl_; liO\iOM to GM 
prt.lo\ll&P aite th event.U&J.4 cr.t.•Jli a dtlpl"eaetea iD t.h an-vel. 
1!te •!etr. ~.l-r l')n dir ·in; an •1aihP to t.hooo ducri.'Nd 1\r Jon. (1959) and 
ehowft fho~1cal.q tor · el l aul ' a obaena\loa etaambGr 1n t1.g. 15. 
;. \his a o, \,be le r~pl.arq Wok ~sitioD beuide U:e .tfill2Ale but one 
or tlfo ~Mt h«· with hie aoao ueuall.J e. t• l.nc)".~ to tt loot. beloW 
'""" :JOe • c.u~ tt.o tee..l.e contitt.ud with 'ftlriod fl"«;.Uet1C7 Wid 
d t.ioe• •• ovtt1ila •l• \le"\1allf oeccmh~ ftl7 &\tantJ.ve Clur'11\g thu 
p.roo~~. £>~ 1 • t...U.e aet.tlad ctowa onto t-he ara 6be bad 
~ ~ t.be Ml• ~ down into tile d~ion wit.b herJ botb 
op.GDed t.t.•ir aNUs& and or~ ~••• trur1r:ts orp.m, bo'ih pnrt.non 
arctect thou bade• &lid n..iaed \hair \P-ile ( 1&• 16). ~.hll• 1o \hia 
po.Rve, • IC~&&lu tta8 quit.• ao-UOftl_eee b\d; the -.le wa-s o.tkrl noted to 
lihUe or "~ul\a v.talcU,. ru:d ,....,~. At. t.bia polnt., a 
•t.Naa ot *Ua and ~loud ot :sil1. could sc..~ btl ..- being sh.S. 
.~ tanaouaq lft\0 t.n. bed d.tJpNasloA to' t.b• te~&lq 'U1d -.1 r•a.JACf.iwly. 
Po~ orge•, ~ ~lit l.et\ for an ilid.tinit.e period. H~e, the 
l · le lD!n'wd 
-~it·e tJp&Wflin$ f-Ct. at ti te n• ~tion. 
.it.& "' laid down in a er1• ut,et.r 
\: a~, f 
~ period 0 l:t t. t.h 
1h1s mae.nt. U. t • 60 ost.s oW" 
tJi 0}-&CO &ad w.1t:J\ ~·• 
• lS. ui6e 
:~lbw", 196? 
.o;.:.a .. l"'tlt:Nt1&t. ) • 
a aal.e in t,ek1q up tbe t.Jpieal male po :t,ioa. It be oeo\lpied tibia 
pOaitien ~\q wit.bo t, l•vi.Dc the t e tor per1odtt ll"•t• t.baa 
oae llbute, 1t.-.. aa••• tha~ a • .,,.1 bond baG lMtn •t.a.aU.mtJd and 
\hat. t.h- t1ab ••• ~ uUwq ee~ aDd •t.1za&. 
~~- v•• wi\a .. ed to die at. 'IVied fnquCOJ ia \be Moel 
Paul.'a Obeti"Vatioa <>ember betGH and after apawld.Da. IilFla• l.7t 'lte 
aftftB• t4 Mg:lq Mq'llanc• -.de t.Uea for va.t'Jln& illUnala 
ot tJ.IIe Won after orpem, are shown br platUag tu .-ra frequ..,-
at. t.be lddpoiD\ ot ~· t.:la• iatenal. Ualal.q, in tile SO Jd.aut• hetore 
or-.. '"'t'*IIIT ~eel t.o 1Dcr .. • 801lMat to..rd.IJ oraa- aiMl 
taa• ·-.lq dtiOn&ee 1d.t.b u... after •rsa•• On• c!...U whl.cb -. 
aak.t bT a.....,png 1a the fiaure, wu t.h• clig1nc &equ.ac7 to co.,_. 
the 41181 ••'- ill til• t• lliJm\tla toll.owt.Da orca•• 11a• f'r«luea7 dUr.l.lta 
U.t. ia\tlrwal -. aot.ual.J:I ad.pe tha at. &IV otbC' pertM • . 
1he iat a al tor the VIJU8 vaa t.!aed 1.Q OftlJ' ou cue at. IM1 e• 
R1nr Cbe..-1 bird eix or - ilawl'fia& t.o f-.1 • .,. UMd in ao.t. 
Paul'• Qun•w. At. tile eh•DMl• Vae tot.l t.IM f, I' bo~ .->•• ot the 
pair to eow,p\fte 8pawtdna waa 19 a ODd8 ftt. \hh Ja 1;1le 1fl"it .. 1a oplJdoD 
vu re1au..q loDs .. \baa •n •t the unt.ta.S •rea••· Oq&aa 1D t.b• 
obet+er ed 9 to 22 • .U wld.l• the •.......as• wu 11>.3 eecoDda. 
lllllq 1nc011pl.t.e a,..wn1De aota were witn- both 1a t.b.e obennel 
aacl obaerw.Uon • Occa.U..~, the t-.1• vorrld begia d1ai1Da 
1a aa ar•• bu\ ao -.le •\lld be attrac\ed to the t--.le and the a«~,W~~~Ce 
VDul.ci b6fW proceed beJ1cmd that point.. .Ia a f• oaaea, aeQU.enc W_.. 
more coapl clue to tb pru ce of te~~&At. tale. 'lhe, iael.wlecl 
C'dt.hag, cowt.iDg &lid aat.ba u cleacribed above bv.t v1tbout the 
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~ oov • This phtt'DOI!ItJftlm ~ • .r-.1 YGJ'1 rm~teh like tite "tal.ee OJ"C&BBl• 
'41121cb Jon ane ll (1954) witM$•ed duri.n;g t!,tseil" tank ()bs.-.-.t.ion. 
!'be tMtl• #l\t.lddwia~ de:teribed rl1er wore no" in &tbor 
c~ .- t~ett.:. OJ"i,UC• !u ~n.t. ot th•s• oV•or CU.ftos 1 t.he ~ a'iDV«l 
1ft Htfide ~- .f'Ofiale aAd tm\l&tfft"tM! ln • ~ran&Wr apparon~ idcmt.ical to 
t."'tc;t. obeorv-ud a\ or~-::&• but wit.hc)ut t.l' .e ejettt1on ol sptil'l."a. Jon~s .I'U1d ilU.1 
h,.v-• propo~ea. th t. '>When a au;lt) quivtn'lll againtd. an act.iv.- fwf''lflle, ube will 
g1.ve a. t.J;· -.1 •Gkl" :r J-"On!Se of "cutt.ingtt. Howevfd"1 em oo occ~sion was 
a le ob ed \o r-ul so tbis or crv ot.lulJ' ~por~~• in a t«:Jalo a\ th• 
ch&mtal or .1A t.h111 ohabwro. 
AD 1ft wnt.1ng ph~<mOn was not.od in the fr-equency cr then• 
sbu.dt'ler~ pJ'OducGd ~ tho mal in the eh~.- (11..~ · 17 ). 'l'he fSt.\ldden 
llt.erased 111 ~11! 11:lJ' \o orga. but. t.b t.Cld«S to l.U. olt ~a\tl&\ 
for th• !iht. 15 td.nuteu A.ft$1" oree.!f!n tmly t.o oftr«l inerOG-ee ftr1 ~ub-
e ntiall;p 1D \be 15 \o '75 111DUte f'Ori.otl follow~ orgaa. followed by 
d:oc:r•~ an. thitt period . 'l"biP U$~ll,y coo\11'1"11d hours b.Jfo.r• the nut. 
~aa. It is lfi!Ont arod 1t tl.d.o notable 1~•• could bo an •katter diacharge• 
•e m.nt.tonecl b,y ftn~en (l95J), \d!ieh ta ca:smad lu M.tuoUons llhttN a 
urive ($\ICh && e r\!lf•NJ .... ~t.ive one) 19 ri.rong.l7 liaCUvated . 
rr..i.Nid &Pfi"-Tl r-s ()!"\.sn shuw~ld ho'!'jt.Uit..iu to oUt• fish lllbict1 caao 
wltbi.n th rtc~tq or Uud.r rodd ~M tl'utir $uwU t.ctrrltoq . L~ 
rlu.r.:ns , r\Jla\ivo poiiit.J.oru..n; o£ ~t.ea s ced qu1t.v i&rr-~i'it. In 
t .1t-orl~ aetund«f on u.. rieht find l r f.-Or ions o£ thtt charll'llbl b«:l, 
t.he t c ~ l• oo i .(1. lDeaUon nux.t to 5hor• with thu ~e on t.nu ~1o-wn• 
at.r cut.r d4 • 1h ~l<J 1.rt \h :. ~-c-alt.km delend-od aw:.wt.ly tb ruii ·e 
to th .WeV.. a1tle, Deg.l tiq \he .at adjao ~ bank. Intrud.era · 
'Yfll7 n.rell' liOnel up 0 shallows ~Mil the r .. t. am t.be eham:ael baDk 
*•• th• MlppOIIedq v.-e •re 'Nlaerabl. to teaaat. ale or t--.J.e a\taoks. 
Ywrltori• cl.t ed 1D ld.diJtr .. ~ folOltl th• •l• f\arther d.oWDIIV.. 
flrala tbe t-.1• than 1# ~ ssa""'n& but usual.q oetcupJ'lng olht 
aicle oL har - that. sid ._... 1110s~ or th• toreiD! adult. aeU viV eeeed 
\o be c•tered atd/or tha't s1de tteri.Dg the lat-gest expanse ot .t--.le 
&Dd r«id wlaenbilit'J'. OO~o l.J¥, when the f8Jlale oe«Npied a 
oeat.r. poa1tioll with no foreign diatraat.ions t.o either aide, the male 
•lUll ied a potd t1 a just below and rougb]¥ in Une w1 th the long 
.xU of the t e 'a 't:Jo<V'. 
Duri.Jl& t.he atudy, .u .. were :noted s the 110et, agaren1ve i.n 
Uaeir r~ to iJR.rud••• Generalq • \hif¥ would .,, &llew int.oree~ed 
intrud_.. to approach tll• ~ • or th• reckl ar ~a geae.ral pcrJ.IH\er. 
P-.les for the .,.t, part, were more doelle ldU.le attended. \YI' a Jl&l.e but 
beaaae quit,e acP •aive towarda a.rll' intl"\UiC" wbenevw the l"'ed.dent male 
lett \he Ndcl. &o.Ul1t.1• did aot allaqe take tile torra of active attack 
&ad bodl.q coatact. \Jetw._ tfmant.a and 1Dtrudena. A&&r••ion in aale 
rea.id t.s vas wSnly tbr f;.efttng gesturee aa when a tC~&A~ ale droYe 
awq int.nden drU'U.D& back downatr-.. .. tail. tint, past the t.enad 
f..Ue t.owarda the t.repu••· 1bis in itaelt, was ott.en sutticient to 
oauae tJle intrude' to ld.thdnur but. it ~SGt., the !\lrtber BIOftZUBilt ot placd.Dg 
hb boq ~ a dtaS~DD&l to th current. a.crna tbe 1'o1·eignar •s noae 
ftoequeat.q rastal.tad iG the int.ru4•'s departure. On other oqeaaiona, 
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the mal.e wuld dart, upatream or downat:.ream after a parUcul.ar in\nder 
eome\i.ltea anapping hie ,3 we and even ngaat nc ill bodi 17 ooataot. wi til the 
o id.er. 
ud reolprooal. auppiaa aad bi t..1Ds 1110ul.d ....... 
Agroaeiw ae\iou b¥ t.he resident. teralea like the cii.a&<>D&l 
.w at.& ol tile nale tenan.t.a were often \:&Hd to ahoul.cler int.rw.lera awa:s 
boa the 'rieini:t.7 of the r\ldd. Act.i w at.ioacka somet.1il1Ba oecurred. bat, 
biting or bodily OOAt.act between teW.ea and out.eic:l ra wae aeld.om DDtofl. 
!he mat, puwwciou attaolca by &'117 :reeiclent temal were ual.\Bll.7 direot.ed. 
\ovarcla aaotber temale Who began cut.t1Dg 1D bed. jut upatnaa or beaide 
the reai.di.D& feuale•e pit.. Meat t.JPea or aggreasion b7 the female 
usl&l.l.Y bnvgttt about. withdrawal ot &n:T imader to her t.en"1to17. 
behavior wi.Ul ot.ber int.rudera to their t.arritoP7· Groups ot Nlmon parr 
ooUl.d often be eeen occup71D8 ape 1t.i.en uuall.J' a few feet, dowrtat.reaa 
trora the pail'. ao- adult. -.lea ahoved no notable reaoticm to their 
si,mt > ar re8p0Daee towards tbe parr. However 1 parr chased Uli diapl.aced 
b7 e1t.her member ot \he pair uual.l3 returne4 to t.heu torif!IH> poeit1on. 
Wbeneftl" the ehan~Jel hol.d' ng pool.a were eeiaed duril'lg the aeuon 
t.o check advJ.\8 tor ripeni.rJS, conaiA:lerable numbers ol parr and trout wen 
reeovel"ecl. lla.ey ot tbe 
be.U.¥ exuded white ad.lt. ot 81m:Uar col.our ud cona1steney to that ot ripe 
I 
• 
. .. • r •• tb 
. rq .... \UI~ililo.l't.AJ 




1is r •on, ~n eftort 
troll tba chlAnne~ 
r-o ·~••IM'ID• 
(1 S'9) etAt. t.ha. rit l rr hiD acoo '.t:' ~ the ••11' 
cont.ribUk to • 
tt ti iA Cgf~ ~~ t-lcm 
lit. or tct"ti ut.ton 
H•il" obeanee. 1ft t.wo or~~ ~ en , .... a&. t.-wo or tJ,ree 
-w not~ to 'N n un.i~ t.h e but 1n 
• 1 & not- d.iso rMcS A; t.t ei.r act1 wlt;t led to or 
wi. , t.h• ~lt. 1 
~ l. Si~ t.·J;)O-lt"JG 
r• Ttrc r•sioa ot 
ft'4Jdat.ion, ·~ Lo'tl.b. .. li- ~-'-'• u.o t.he parr usually 
.rtaht <~ w . .tot•• in tbe becl• J t. boo til 
hi '~ ltl5 Uo of ln nc! 
-~£SJ~rE!U£ .DJI!rl!D.) 1rzUcate ~ti-Clt ae 
r.Jn.u.:t, tn ala)fl\ ~~ high turl.-
1 zs on • it pari .; ot tiJu s is· ~ (katllc.s 1 ~9t.W ). l.enc 1 
id. in; t. • r Uc ii 1.he J:. 01 u.Ut t.J.ons n 1e 
n;UUJt.:Ln';;;. s low as 11.3 JW.t.io o 1r. us tu w, it. l$ ~ · tlul if t.his 
ntr .. ~uuon · 1-an ia t.l~.e t. ~ n to ~~u.r 116 lh.r. uon. 
i '· Ct 1 Yi• Gt u ~ ttr 'tion llO 1 J.t ul.1 & dvit:~&L 
t.o to th e inc .'.hi ,a, btl A u.c I" jut. as .ortant 
to r. ni n: # d ;;w i n.ro r Z"Cftl\.1. n t.t factor 
t ~. 
71 
3•\ cloe• .aougb t.o ctYot"J p.:1ir =<lv t.htM oeJ.-wi.Ld col¥1i t,i.ons \o 
cou~ut,t,10.t,.Q' obeave tho 1.~ tin·=\ .,.._nta (8\ICh iit» &f\1 t .tn or cr~e 
D) ~· ). 1M r.~S.. wmU,(t alJso baft bee •re 1at~t.1ft lt 
d igll ke-rt th qu!.to constant. ,..;i\Jt spEO and t.iu. 
i'"ig. 18 ~ \h typ•, introoo1 try and fraqu(alr~Cy ot all observed 





































A REACTION (N= 192) B REACTION (N= 26) 
I 2 3 4 I 2 3 












ftt\COUDt.t:re ._.. ::;~nd. iVti or h.i tfhel". Tbu hf'"EO .m.nnber .of l(ti) -
~Uona to.r · nt :i~l.Gtl r~c~lted b#ee.W# e.a ¥rn'.it'lusj,y ~:hmtioned t.he 
t~l w..hen e.ocoapani.Eid bJ th• ~J.a ~• WPwll7 quite dD¢.11() in bor 
t,i.Gaa to rus 1n'tnld..r wnllo \.: e zalo $WW~ r-..p.t,n(Ml higttor levol 
(a) - ~ t.lor» ~ Ute fi,A4I J.n~r..~d... On '\b$ ot.t~Cr h.1!i.ftd• l!diun.wver the tt-.t4le 
l•tt. th& !~v f.l.lcne on ti-l~ ~rl.t.c~y ahe bCOA:d U>re .t~et1 vtt in ~~fur-me 
regi.;:,t.w~ hi.tJH~r lt#Vel at.t.r..et;g tv~"'d5 GTJ7 furt..r;\oi\1" int.ru.d~-s <iw--i.ng 
UHi c~e•>"-~ ua r•CtJ . Thu oeoo\mt.~ £Qr t.b h16t.~ t~r t.ot...al ~ of r•iet.iol'la 
recor~cd £or !o<£eloa in Fl.£• .18. 
0\lr-1.1\i; ""• tour Wdl.r cow1t.~ c.omuct.cd at. llxl.ian 1:.;.v~ in l96S1 
and ~96&. (fQd. at. ~til n.~ul •• in l.%7, ~h.o t.~ .e:v.n.iabl;r.; tor Obt;erY.iii.t.ion 
of · ch !iab Wl\16 Yilr;i liltit«<. 'UH'lt"e we..s no oppQrtunit.y \o we.t.ch 
i.Miviclo&&l po.'tllln1n.~a ~:rl.ag t..h• lvnt.oill"Q cheeks at. ni~~M• wt.on an~t of the 
opa-wrd~. -.a kDf>w t.o OCGW"e Ho~ev~t' • if 41.. ~~ bond •s indicn.tod 
oet.w•en a .. ir .. t.h.d.r rw'-1" .. osit.ionln~ ••m.t ot.obillt.y over oue rari 
or t.ho b«i1 ~;.nd ir t..'"l.i:!l buC site wt..o lruba~ . t.l; found from the rodd 
~lott.ingo to contain gg p1t.a eoneoaita.lm with t.ha rair uuociat.ion, it, 
a~m.a.~ t.hat. tho tenant.a ha.d ongagoo ift u.t. litAt>fr one s~~ ct at. 
t.~t. 5it.• 1 v1ns -u• rt~eit&d in t leart one t:.lt. at t.h&t .u.t. ... 
&11\ce d ut..i vi."C.J in the channeJ. 'Wf..!i) only pl.ot t«! once da.il;,' , 
tJH• \.Gt'a ~incr~" \fa!; 'U88d t.o d4U4 .... -..be the ar ot bod Fl.aeed inw 
i·lte or ,'£ nat. curin.t= 4l ...:4 h..:;ur ~·f.irioe . In "-ftt.Abl.l~h in,g the r~t.ion-
the! l ot t.~o J air W"-f51 1$1tMd r1L1kt t..t th J-Oint. ~r tft"C a 
\. w plotted. t.l.~ tb obaQJ"V4ill t.i.on Wattl <11aregu.rced. urt"iint rodd 1 r 
,hi.le AA.A~~ ~t~ru:&nc;:t ~·~VCt~iru' t.~o ln flg. 16• the J.ncitl;;mcc of 
{b) - ,. 
aa iat-ion of ale aad t--.le udw t.Mee oinuutanc• iadtcat,ea oae 
or .,n ega plt.e d4po&J.t.ed witaia &D inor .. ent, b7 the pair. '!he 
pi'O bUit)" \hat a ftatl ai\ed ttXaCftJ¥ OJl a ftl"r"41nt. ilwr• I ltJ apawaed 
tb_.. 1a acooN1Dg t.o the r~nl4id trequerud.ee hi&b• tor t m lea tlaaa 
.tor al• 4\Mt to hie hl&h• rate ot rtplac••'· 
'!be data eolleeted at Indian R1Yer 1A 196S and 1966 en incr•at.-
t.caat. anociat.iAms waa •'- aa oo~~plete aa that. ceUeoted ea st-ltd7 Ar• A 
at Jloel. Paul'• 1a 196'1 (ftc. 19). At. IntUa·n Riftl", a f-1• •l• anodaUo• 
bad to be pr-.1 lllNlll.q on t-he basis ot tb.tr presence~ o.U, 
oa• daiq o\taena.Uon. altho\ash SOJHU.mes, \Wo aDd three of t.lae daiq 
cbeoka ._.. toUDd to baw the t .. l.e 1a att.eMaM• but. of-teo. 1D tbe 
COIIIPUJ7 cd aaoth_. male. !he -.re atenain Noel Paul'• r4100rda Moved 
\bat. .taaalea wen sited em 36 of a total ot 4.5 .lnor-.ota placed into 
lS redda. Ia oral¥ 3 ot tbe 36 V*re there dltt .. eat t .. u. aigbHd on \he 
aaa 24 boUI' i.IJGII• ut,. In the reet ot the plctt\iap, tbe -• f-.le 
-.. aipt. cta.i.ll' em iaor-.•t.a an awn.ge of 1.8 tJ.m• or dvas approx-
Jaat.~ one halt o.t the 4 cta.i.ll' checke. !he wl a were oo\ed aa •n 
het.vogaiDOU8 1D their rel&tlcmabtp. vitA parU.eul&r iDcraaent.. &Del 1'--..1 ... 
Al.\bo\lflh thtf" vee ei&hted oyer .33 of the 4' lae:r•enta, l8 1n'f0lftd more 
tban 1 .ale &1ld aftl'&ged 2 ditfenat. •ae dw1ag: the four~ o-.. ....... u.na. 
S.. t..an ot the 18 iDil'"••t.s were alao reool'ded to be oonpied by 1 
t.enant f e and aaeociaUtme with dUt~ • a t.be rule. AJ.ao, 
in 4 oases ala•l:taneous aaeooia.Uone wit.h 110:re tilan one e were obe..,rad. 
Oil one incrauAt, aet.ual aeaocs1at1oa wao DOt. obeerY-.t l:MrtMee the \eaallt, 
t..U. and the JII!Ll.o. Tbe r-na1n1ng l4 irtcr_.u lmolTed ~ e, apo\t.ed 
onl,y once dt1:J"ias the 4 c:la1.q ehecka, 1.3 ot whiob ..,... ueupied b;r t.enal'lt. 
I of tb-. .... , Vl• le va• ut ohMr9ed oQ • !ACN• 
'ln~Lt wi\b the r-..te. TM other r . tnlt'f lfto1"eunt 
wae t.h6 tm11 ecta.plJt .-b.,.. one •I• on two chock.s • the oc1un• 
eo!it&hine ana er ~ ~1\• belonMJ t.o one and tb• .-e f'.ale. 11'0!in81'1 
vi'# ~1 • ~ i• ~C!b IIO?e likellhOOd t.hat. tb tner.ente an 
a eoe1ation3 M'ft1'" ter1a11•"' tn his Mt.U! btte•ute of t.nta ..... 
hi her ret.o ot H'P~ oo t.Gr'ri~ory. Dau d cn-1b ing lee ehould 
be 1fttGl'". Mel Vit.h tb 
Tig. 19 U~~ tll• above relat.ionshtps 1i&pt.&Mt.1eaUy. 
FrOIIl ~ lll~tio t ~ toUowt.-•,g poerall•tioes ~ .fOJIII!ltlla\ed t 
1 . S... f.al.eD ~ at only ~ M6.'! 1-0CII.t.ton. 
2. ter.alee &pawped at mo~ \ban oae 1'ed4 
locatlft. 
) . ~lee and lea ~ lGW s'f.)eaStio Pf'FJfttrena 
.t.r -~ during spavning. 
14s in " then on"' \oaation &t a &roawrd.ar hGCt . ~ 1t.h~:lcb 
\he:un { 1962) hae •hown • ......,,. •tron~r coafteot 1on '"'etv~ fMiiltle eo ~ ic•,. 
.......,.~.....,.~--- "' r") end omt fl!'001.f1c reth1 l'tte tn at"Jrl1• hf! 
ea:rri'iid 0\~i# •t .. tttien ~k itt Alaska. HOb~s (19t.C, 194~) hlta ob er\' 
!>8Vfl1~" rJ"C~nd• tn ~- z~ land lftrM'!!lll• Ri~d (l~S} al o r~et:1!"4ed 
• aa vh · e a t , ·al steel.hdd t.!"o"J t { 3altto E:.airdn'CI"1} ~~1ilt t,va redds 
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tlantic u te att o tor 
• ere 1ad1oat.ed in P n • 
lnQl"e!!:ftl'lte la.U,tallJ' pla 
1ftCII:lPI3~·t.fli!ft 
• 
, of • hall part tJt the boldic, pool orr th e ·.lr ·-
o .. t1 · were tar 1 
ot tho red~a e~...,...ed ouruallJ' aa a eor.tinuum 
a · ~ .. u. M tlOt be c~ or a aeries of pita nd 
1ner.P.· .ta U b-!•1.1 t by t.b• ea . ...,. f .. • Ot\ n- incr .. ~~ eoapoatnn a 
<•• • at In~tan Ri..r in 19£~ at 
{)r •.he• t~.alee dJd not. '~"~lace ':.h 1r 
(. n·~ 1 .. 
1965 1965 
PEN A PEN A 




1966 DATE PIT NO· PIT AVERAGE DAILY REDO 
19S5 AREA · VOL· 
DEPTH OF AREA 
NO· EGGS PENETIUTIO' (Sq· in) (Cu·ln~ INCREMENT OCT IN INCHES (SQ· YO·) 
1'-- 8 ~ 31 j v-- ,,........ 26 26 
24 I 37 25 75 5·5 o-•• 2 98 40 120 7 · 5 
3 503 144 720 6·~ 
2~ 4 444 196 980 7· ~ 0 ·56 
27 5 551 49 225 4 ·5 
0 · 32 
6 515 144 884 5·0 
28 7 540 80 200 4·0 0 · 09 
SMALL HOLDING POOL 31 8 147 32 170 ~·5 
9 II 4 12 5·5 
1·4 4 
10 17 N·T· N·T· N· T· 
24-51 STRA'I'! 2SI N·T· N·T· N·T· 




aesoe1ated Y1t.h an i~et"f\ tn t.tv,~ lover part ~r a M!dd in t.h• vtctnit~ 
ot t.h.- ~.20 toot. urk and ~ t·.,ioe nor-e il'l tbo upetreaM ~£1on c:~t the 
l"'Qdcl. ~ovfl-.r1 1ftt.~1"'9en1ag th• a.rt• waa em• 1ocr.t~t eontainin~ one 
or 'M01"'ttl p1.te att.ributAcS t.O a different f• k (te.!ldle A) . 
wr:~m {!'I" 1Plft£ t!1~ duration o! a~in£ in t"'..alec in lirht. ~r the p.er1od.a 
~ )tbiClt 1~t• weft plao.t in PNkle. The thl"041 .r.a\a in th• 
test pens {F'1f• 20) ~11l_.ued e..-.wntn;r wi\hln a period of thre-e \o •1.ght. 
~.,.., - t~~~ two ,..ar ~•ge h•!nr '-•l da1•• !n e~tnin, the 'l"edd plot\1ng 
det.t, tt vu appaN11t "$pftcially irt l~~s t.b#~ • t• ot the r(tdda ( moat,ly-
those et.~ at U\t'f be,S~tdnse ct ei.th.- -•-$11) vere oft~n eo!tr'l@tNi ovtn-
1ner.~ta, each - ,-i.QD tnt.M"ru:;;l'.~ ~Y d4tl.011! in b;?il .Hnv ot l;)tM t'!'r •ore 
dia11J• 1n a f'ev. caaee-, t-he:-. wer-e -r~cide eOJtpoeed of ~.,.. than twe of 
flpb"nil"lf 1n-terYC1 1r. the r-.lf!' a ~~Wen a:T$t"egir.g on~~ w.ek, then ~t''JH 
aer-i~& ot" dell? tnc~nt.a Mp.Orste~ by eta:eaFle t i""ne ;:"8-p8 ifl ~ilC.ir.g 
' 
r {ave'!"a~e 1 - ~ da~ tt) alt.h :;.u¢1 ~-h~ "'f'lrio1 ~'""'r 
na. 2l· pl t, .-a ~ 1a nd4 wttbla -r.t. Pm, s.od.oa I. llldian 
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re u t·.r. on• r oc ion., .J.J·at:.~..~:.an :liver 




1'hia rh•n<»J non may :ln ··:-art b~~t t~.e rer;ul t or 1at.e ripening f4tlllfa'l.ee 
re-:;laei:ntr «'7'1•.· •~t·m••fttt h;t &!>~rt !""'l'!'&'l•s on th• redds sine 1 t 1• 1cno.vn 
•.hat ~-h ~int pt')t'!".lla-t ion or •urea:· ~~nt in ".ho channel dot'S not alwa14f 
t-1J'A~P<r. e1~1tar.eot:sly. In 19~, ?»:tif,jing 'J)OQb ~ere ae!.r:ed f-Q'JJr• dav after 
rlice~y ~r th~ first •u d~a1t1~ in t-he CJua.•1• At that t:1~~ , •11 
t-~lll uL.:e ~• t u-o, ~ .. t only ornt- !it'th of th~ fmiT~t1~s vere •!""ll.fmtng 
r~. Nonet.hel s. tl'!~ were ln red~e &.ll"'adY undeMsua~r 1n the eh4lnr.el 
~ ~it)) en ••et""at ot 2 incr~~Pfi !.v oo<r.~plfl.~ . 
i'itt• 19 \laS 1nat}4tet~ to dlf:t.e--!!ih•e if' MJ!MS eor-.~1r:inr. $'!.uMt?881Wt 
incr·~-:- ~~>nt.• in apeeo hut- oepe'!"atNP~ 1!."! • b~.e by li$Y(!!orcl daye ct1<"'1 ·r,elctr-p.: to 
• 
not ".hat ~~~l~t.e. !vor.t.y to t.h1rt.y •,t., f'8Pe h~t..v,en BP4 ... iallv suceese'ive 
inont~nt.e (i1d 00~1!' in th•r seot ion or taj"f.ed ~nl!et~.ma in 191~ am 1 '''~~~ . 
b.lt. un""~".Jnfltely, thill fO'I\ellliill$ ''riel'• eartrfhute;.i t.o t.hff in~~nts on 
both tie11n t)/ tht) PJU' were n"wrr bot,h ~ft:J'\'"_,d. F.;;owever, in ·~et'!l :;•ul•• 
data r:oll.~S~et.iM! ~ 3"'.~141' ArM A, +,l-..-. aneoe1a~'~i0ne ~baerv~ w~r• e~~!lete 
a" t\ ·:. •wo 1.Ut1\ ~apt! that. occurred hetwe~ in.ere~l"',..ts tn rt'iiee. A redd 
et. 350 let'\ e0ntre {t-;) loo~1n~ do~--n~t..ree• cont.at~'Sk1 s';J.-oeu~iv• inm-e~nts 
seoorat.ed t:-1 t.1.1'!'.eo ~ o1' Oft!'! ~&y wh~tlh beloo~OO to two t1iff4tr rtt 
f~'~>'\.#'i '~tl ·~'> and ~ . At ))8 1 , s~cOtls-9 t.,. 1nero?r.~nts in ~he ·up«ltr>•'am MM. 
Of th~ M!!drl &!ri"lr&ted by & #flf' ,r, f t. f!aye " etlOnf~ to tuo :34!;"JArAt(' ftJ~All88 
S &rt-' d . t'hua, it. iS apparent, that r.tMe V8p5 hetveen C{)r.t i ::u 1r:r, S.rie8 
t•r increMi n1is tMV !"ep~t. a chtlnpe ln tt&nant te~·alee f:•ta:l.lfiinf ont.¢ t~be 
1"'0ti • i~~1over, • .. h~ co'I"'VVI"H state. ent "'.het • e~ana?& it; r~ ... a1 ee 'tifor~-:ir.p: 
n .. l'.t!'~f4 1n~tcnt.tls D .. we~~) f~D no!. true. ft.f1d .. , at r:.~i!l ?aut •s, fe..,.cnle 
r't! ;1~ ~eO f~le d ~ El !"'Kh:l at. ~)-\t,,:~ Rr~J ff!"(~ 1~ 2 rtt~lUefJ'I:i f~le f:. at 
)~'"\11 ~ "· t t!io,lt &""'iv tim t;\'e·· heir~ ov~dent. 
Tho anrn al nx .,-at1 oll' \fle, ;, eh e•1strd ir. .. lu~ t\.IO ehlif'H",~\s incite te 
tnr:t ~h ... : ••I.Yjcint1on • ~ween .e ,...n!"'t, i~·l1Ar ~lr., ao•-il f~t;.a)~ 1.~ no~. likely 
a ~ry Rtehte one tW«r t ,e &pa~.;Tinr; season. t~aa ~ ... han or."!'- ~unr-~.~r of 
t~e fi!tt: in Ir.dian ~1.Yer ef!t:aO"' r:i-'n~..a "•r• Mlfl ('l'ahle Il) whilf!:! l es than 
~1~s: -.mGt.. have ff.V,a;;ed in nat.1n:-·!! wi t.h .~cr~? t..han ~1f"t t"aRal~ an~ t .he 
rel ~ ion .. ;'l''tir" ~st. have invol ~ ~ll'ees 1vt't 1 -ol·rtf,:'o;.'\y -,n tt,., =trt. or tl-te 
""bil! ~r~-; ·use , . .$ ~om+' ~· ~t. tn s.ft llott~oc1,~.ioot~. '\f.JSt"'-r~r~ o~1" the 
t.hr ?a !" !!'t\ldy• l:n E'ig. 22, ll euppooet! ma.tin~~ a:!:'e ou ~. 'Untt~ for 
,.€'!$ . 
! .,. is QUit-e evidetr.t 1,.hat,; ~at, Gr .. htt ,_lP8 flNI"~:~ W"i.th 'nO!"tl 
t.! ar- ttn~ f le. ~ccasionall?', a ,_,,.,. f#8fi not4!'!!1 to •6~oe1.at-e vit-"- ove 
ot a "":~ of h1s A~ tA,lY"t.n~n r~'!'J?at.udly M l"'.!Ct*e t.han one incremer.t 
..,•lonr!rt~ to th~ ~am.,; redd (at. 1~1ian ;;.iver, 1·)~~~ mt~l11 l·Y • l. - C t at 
~~1 ~ a •1 •s, !' 11le 1.. - 1, 0 • 1) 1 ·er ~ore t"!tltCp.Pnt17 o-n inc"~cent.e 
•.,,.,1cmr1:".r to diffeM)nt. reddc (e.~. et, l'nl1tan RiVttr , 196S, ~~ l...W, 
tro 1~66 ~·, ~ l • ·.g J at 'fe~l '!-"r1 '!l t , "'·fll~~t n - 1, ·' - 1, ~ - l, 1 - l, 
1- "r). '!')o, Mt.ed -e~c.rd fo!" ~tDl \~"Filll'lY' v•• -=ale 1 - ";at lJo*l ·a\r.l•s 
Vj,'n- &Sfi'Oeiat. ri~S h s•ven cit*ff'l'"!"'t .f'~lo.e ~t o-£ thl<! tetal II"J'titl l·le 
n ~rl'b"r ~r t'-:i!"'tf!lttn. E•)uE"V'6!"t w-1 tt~in th1g grrou"D, t"':~T"fJ ~ also ~•1• 
?~~ ~ s al!'.cct ·Mr-Jelly .ln;tt.,t.'!'~ {ih£• 1 - ,.; , 1 - ~. 
~ale 1 - Y 1n h~F ... ill"! f: 1'1:"ttl" tn 1-q; J• :ln ~!!IT.',• or how 
1. ~-s!sf:,~""~. f~ir rela t.icme eao : ~ 1d t"· t.1 .... ~ 9 ·en ~Ph • f"~;)l~ at. a 
,riY~ ~d loeet-1o .• t!'l!e mal"" ecrnt.-.noea r, latit.HtP :.11th i"""r.!•l• f but. 
" " l ... ~Mt {"~r;~ !nn1ft .() S(:lll'W'n wi 'h t his !fCl 9 tenant th--- ro1l'-~1n!! d.ay, 
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-INCREMENT 
OIIJ-REDD 
Q-( )-Q SEQUENCE OF DIGGING 
Fi1; . ,?J . tii CJ"b:. • <*in.:.. .. o:r t..t •. :. \Jd r · $ i(h u:h tt , .,t.t a.t ... il tali c 
I' dd ' ec. Uo 1 tr 1.:.~ .. ~ ver tt~iG ~~cl fal.IJ. 1 :1 C , l. <; ~ • l.']t.,? . 
nL t.y roet ~.lrth~l" r.fownstt"ftA"' • !' r on "'• 1~ l">"~~t1.:.t"n nrr ~ aosoeint.ton a~ in 
V~'h f~ ··al~ 6. h~ thf!rll ~~ ~(f,Tfl~l'"f!8?n lo 1'*-pNt r"flS~"'htrtCe Cl,.,. 'th~ !'Ad~ 
• 
red~! in~t. <tOt.;t.1.r:lO"..t" at>aticlly A~d te1n~~111 hut. n1..aced !nePe:nieCta 
at ot,h" !'edd loeatiotte !'u~.rore ar.d/or ettn these EJP8Vtr!n£li (.e.r;. #t 
•t. lfld!an :"t!yn 1~~. r •le 7J }<;o<t:t; fefl'llll& d) than to aet~•l b~tt'\·~or 
sinco t.hP \neideCHt or ~hi• ts lower at. M.o"l Pal.ll. '• 1o.'h4!irt.t reeordeJ were 
.,. 
. . 1, ·• 
52 
2. Spawning Density 
lt:~ .• 
t { 1 ~ , At. nt1e l· ~on r d in B f:lOt H quadrats fe-r v rio-lS . 1r.r ct .. i~l"' rn!t t or ti 1 • • 
?oisson diatrif ut1'ln1 ln ian :\fvtt.r ..., anr.el, 
1 r.~.s, 19~ • 
• 1~ 12{.6 
S.et on I1 
el.:dtnr •-ection II 
~ . '~:~• iQUt Dal& • ial:t n1 l 1 • 2 
0 ?) 109 3) 3 14 
1 17 49 41 5 ll 41 2r" 
2 2 l't ll h 11 11 0 . 
l () 9 1 1 ) 3 2 
4 0 1 0 0 1 0 0 
' 
0 0 1 0 0 0 
0 42 1 6 lhu 42 144 102 
t•tttst 0.2.,) "X.i.l 'J.05.>p'?f .02 o.2>p:>O.l 0.7t>p>C).~ l.O.>p,.C.9 ~.lnl?0.05 o.57ptt .4 
(0.0$ • '7 1) ra . .rl~ ~n r ndom ra:~d ran·l random randCll'l rar.d 
redds are distributed e.t random since it !ollows the Poisson series 
{'fable IV, Column 4). Spawning Areas Two~ Three, Four., n ve, and Six 
ot Section III were also examined separately, bearing in mind that the 
sample size in some eases was small (a.s low as 22). A.ree.s Two, Three, Five 
and Six were portra7ed as typical Poisson distribut.ions {P range o£ 0. 25 
to 0.70) while Area Four was atWPical (.0.5 p .02) with the Yariance 
\ihen the variance is significant:!¥ larger than the mean, there 
are a number of other distributions that JA1J.'3' be ueed to describe 
biological. d1s~ibuUons. Bliss (l95J) suggests the Negative Binomi,;l 
Distribution is a YfJr7 adaptable one and one which often describes ev•t• 
much better than the Poj.sson. Unlike the Poisaon, this distribution ia 
applieabl.e where the oecurrenae of an event ia associated with inere&eed. 
probabillt7 ot recurrence of the went. It is defined by two parBllleters: 
the -populati.on mean ( )"-') and a positive exponent (k), their N.gnitude 
dependent on the &IDllllt ot contagion. The negs.tiTe binomial converges 
to the PoinoD aa the contagion dimini sh•• Heace, the illportance of 
aggregation in redds depads on the relative values o£ K and )-' \tll:iae, 
1.9,3; McNeil, 1967 ). '!be population varianoe ( ~} and aean are relatecl 




k • • • • • •• (l) 
~ (McNeil, 1967 ). '!bus, aa ~ becomes smell or K becomes large ...1::!.::.. ~ o, 
k 
the nriance and mean tend to approach equality, and the relationship 
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Fig, 24, Diagram shoving locations of r,jds within quadrats and integral r,jd denaitiee of quadrats, Indian River Chann~, 1%~. 
t ,., ••·T 
.:; ' f~L 1\'i )1"•1 
!\: 1• ·~-~ If• ~vr 
: ...... l · 1:,1•. 
-·-·-
·:·o. 1r '11" &WQAt"B 't.o fol lov th .. neraUve binO"'lial d.ititrih ;tion or 'oisson 
{~i ~trP-.. ti{)t'". eq.,.ally well (b,,..th .~>p>.l) vhile : .... eet.ion l~; inohtding 
!a· le ·; . r• !at.:ri"''t t.ion .of At.lant.'!. e s.nl~on redde tn ~ foot. ~Q'I~are 
quad:ret'.e for- v~ltri0'48 ~r~awrllnt· J~~etlene cn.~pare-1 to '.bet 
t'leg8t.in ht~t•l tUatr·n :t..1on. Indi•n ·~ ~ vfl"' ':banr.z(!>l , 




!._.oeation k • p:'IC 
Section !U. ) . 60 o.~l . 20 p .10 
~l·.~.~ i.ru; Ar .. ~· our 
~c.t.bn l!l t .); o.~ .2S 1) . ?0 
{;"~<:'brt ing ~ :"our 
Al"'d :~~~ll"' 0. 77 o.t.~? o.~o p . )0 
~l·rrlh ;- Ar.a fo~n· c4d f'it •.~ ~ N~··a~".i~·~ .&1r.omial D.istribution as well as 
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., ·~[tor~ ~-:~~:s 
CJ ~ <! ~~ •' •II ,f~ .~\';,.,,£: flCll 
0 ., •r ~~ '1'1' lOl l ' }l\1[, 
"" he{£~.'\ Pl~ ••• ,, ~~ 
r· »lf ~" ., l411' . __ ___, 
auu•ta that oatagioa here 18 allgh~ (Me ell, 196?). Hanae, t:roa the 
f oiaaon aDd aep.t1n Btnc-Sal ~sis of the 1965 data, 1t. 1a ded.c.t 
that at the J'td&t1velJ low apatm1ng danai\7 of one tiab ptr l1 to l4 
MlUAH JUda, \he dieVilMUoA ot apawrai.Dg h the ohauel-., be oonaid..-
a.oc-,t.allll' ~ 1n all anu aoept.ill& Ana Pour llhere alp:ttiaaat 
aggrept.ion ot redda waa de\aot.ed. Upon iaepeoUon of this ar•, redd 
clmaping -.. ftlclent lit t.h upper port.ion ot· the ar• ~ut u:pat.J" .. 
troa one ot the rock vein conatrueted vltJda the ohaamel. 'l'he poaaible 
aaeoc1at.loD ot \hi.s weir anci redd alwpbc is ••••n.t later 1a a 
aeparat.e at11111J oa w.t.n. 
la 1966, ('fable IV, co. S and 6) red.de wen bUilt 1a llot.b eect.iona 
witll ditferbg derusitiea 1a a r&DdDa _...., tbe a.gr-ent of_. 1"-.kl 
clietl"ibution with the r-oi..oa ae:riea btd.ftg gceral.q bettw tbaa the y.r 
Hton. o.pite doubl1D£ the d.aity owr ta• pPeYifta year, and d•p1\e 
the pr•eao• of the rock weir on Ara Fov, eipitiaaat r41Ckl 8.181"-.atiou 
ar. oot. wldlll\. In taot., the P val.u• oft. incU.oatA \hat t..h• oba«<"'f'ed 
redd d1at.riwt1ona appi"'ld.Mted the theor..Ucal Poiason •411"1• •r• 
80 vh- spallld.ng d-1- -·high t.ban ... araavnina denaitJ -·low 
(Ar• ~\II" .ulwl«t ). 
'lh• d.r&l"" of dla•repanq .UtiDg Mtwea ebaerved aad a.peet.ed 
treq1o1enoi• for •oh aecUon ot width eaainecl 1n the ohanDU. wit.h Chi 
aquare is ellown 1a !able tl• The mmiber ot redda observed ill •eh 
aect.1o~t did nat differ sipiticantll .from \he apeeted 1'rectueoies at. 
' 
the o.os l.eftl tor aav ot th 1965 eecticme •udned aeed oa the bl-
pothuis \bat aa *(\lal l'Uiber or redda would be placed iD aoh •••t 
ot viatb. 
.. .,. r 
.. .... 1-·ze-!"'1 11 !"' ~c frequencies at dv• ~ wil'$tb int rva1 .. trt:m r!crt.t. ba:. fc (loo rtnc rlo-.;nat. 
,.,. ~:-~·~ '", r· '"r- r . f)~ • r C1::t.ed , Tn1i&n :her : h n~.:>l, J.:·C-5' . 19t.:~. 
.. 
196'" ~ ' . 
···~"'tb Sl'l'!ctbr: . , •! <.4 ct.1on UI .. eet1cm II Saet1on f'' 
ir1 ~t'i""Y& 1 ~ T 
·-· 
• , .n 4p . I . • 1.00 ~ Ill er 1::1 ,,.-H r. 
D.J, • 2el2 ~"~,6Q Area ~osr 
:u ":-(t. ;.t·!· ~ o;;"-.~'r? ~(~) 42 33 )~ )1 ~2 
v.~ .... at a · 6 4S 35 1J 9 
Ld't. ~')(:r•i. :-> ... ·r'f 7 29 20 20 2~ 21 
............... r' ... .. 
ll l lf rn 6t; 5?. 
C' ii 8 :: ~l"t1 .?>p>.S .bp ,>.l . 2rp >. 't . Ol>p>.OO$ ."5>,.., >.02S • ~?'p >. ';2$ 





~~""'~"'r• ~tt.e 19tc" 't'Od"" (~i8trlbd.!onJe; ~J~••'"'• ilLch v.~t tl:~ byr;-t.hre"!51!! 
~r ev"'" :Htttrl~'!tio~ '-':-'Hh wi~th at th. :::.o:; lt$vel ·.:1!" >'i~"n.l:'!".ii! o~ t-o,p.e 
~ ~~t~ • ~iJtht " r.r" l~ft POE"t,i.nm; W~::"fl! i"'JOl"lt hM-o;r'.f.l 7 4..:t i1irfi~ t \ an the 
ce-n~~l ~etion llith a 10\ll•r prohabtlifiJ' of d1st.rihut;icm · einl' 1u~ to 
eh~tnee 1n ,.he hith dernsity,;roea (? <:.Ol) . !'bis llt~re utHtV4!n ~if'trfb ,t1on 
l,n ~:4N:'t1ons t1 and ID oann~-r,. be att!'"P'" t8ri ~.o t.h$ t\'l;B'h ~'tt.ll"..cniq,. ~e~·$UJ' 
irs 1 ' ( t ate .:;.r in e::rlif!!l" data coll .-:ct~ on tb1<:; .aepec t., In 1'to•• 1~ q_ !., 
to W1!.i " !.?< O~t.a! nW ttit~( ~i•Bq-..t• ffi' a.re presqfi~~ fat" \.hi/' 'tfr1H"9 l '!f.) ~.o 
1e,-:;~~. '•• }:;,t.J, a lid1t D"J)&Wi'd.rw· de:· .tl1Vt (£ . I . • C. 'i9) pre'ft!l~~ ln •be 
fJ • .i3nf1"'1 ~~'lt. !'"M<iS >.i tt .• C'Of<:Of'f, t!'llt~rl rm :.h~ teft P•ripbwry : tlt no": 
S1•;n i ~~ica t"i t.ly so { .to~p>.O$) . ~1 ol;eva~·, in 19"4, ~ 2 t.b tb~ fl!nt.1 re eharmel 
~~vni~ t,en,ft~ al.1!!0$t aiJ ll)~ s~ i.n '-'«'!tions I ar.ri Ii in 19',~• t.~e 
N.:t~trE· •;tlor1 wa.P very mv;g.n wU.h onlt i>li~ht a~~ta!.iol.l en •.he ri~\ 
t>·l.rin..~ti'Jry' { • 70) p ;>.50 )• It, i .• , t.hf~N!fO'rt'J) :"etS"~f'lacJ t.h&t thtt \!ftlf1Y~ 
dtetr~h.~ tio~ tlf redde wHb ehann~'·l · ... i'ith is 1n no va1 A so~1•t~~~ ~1th 
tspawninfr <'l~ttU'lit.:r. 
Baf')k V{f~t.aticm cover ~-~:r j)Nnri~"i an $T-planation ro~ tbif! 
s~i: - Het..ri '.t.tion v:!.tb t.ticlt~ . Gh~~~~rs, !1 !l {lS'Stt')• !M>"" NU!!Mt"Ch 
eonr~-.,t d "7ft :~.&eH'-11 s~~nfn~ (trr··• ro(h\l f'our:ct thct t.!hinoo% Coho anc"l .)cek•r-
ff:~·c•et.:?~ t-ozMf'·' t..o ael+•-ct rar-«as ~·f'iP."'e c·..,ve:r was aw1l.al- 1~ ,,1;· •rr oth~,. .r•et.ore 
~E\'1:'" :: •:!. ,,al.Jle .. u.t ;..•oald &pl,.!i in .2.''6 ... •!?fl8 of r.~ovq,r . l~.a·tr.l coostruetif')f'l or 
hdtar. lvllr :hrmnel, ban~· v~;-~uti(.'l.n 1.m·! top-.5-ail ¥~er~ t>"tMV~ @<SN"C11il " 1y 
f'!'w. :..b~ ri~t. be.nk". ,r:ith ~h~ ar:~d!ti.,n {'Jlf toot an1 ''"'hie1~l.ar tratf'io, 
'{I'~ ~tS!!::.iOr, h0.S b£·fm Very -Cll)'l4 J*"'t~~l:"fihy· tO t,)\1,. t:oid~. T''bi~ l't~V ~~-~P·ti~lly 
xpl.:;s lt' .. ~Jo:"' l';)O:Mt\1.1:~'· 11 ~-· ~t~'t' eon--"'nt.r£d:.ton o.t e ·"- wr'li.ntt em .hs '!'"id·;t, f>iti 
~:r. • .. :') '"'en v.,::-etst1on ..-.as ~03r~~r ~"''r-e anf1 tbe ""'C!'1.\t ..,~.,~r: t4 t1li2!•t1or; .-,r 
Table VII. P 'f&l.uee dG'i net hoJI appqi.ng Chi eq\Ull"e to width intW'Y&l 
clat&, dit~tl"lag 1ft spawning d 1\7, 1Dd'2an Riwv Chuael., 















.10 p .o, 
.70 p .J() 
-10 p .so 
.20 p .10 
.01 p .OOS* 
.os p .02S* 
all port.J.ou 1a 1964 and 196,, u the gJ"'Wtb o.came better eet.abl.ieh.S on 
the right t.Dk. The 1966 diat.l"ibutioa lddoh ia aign1t1~ lAiwer tor 
apaWldng at Jdd...V.. -.:, alao be ded\IIDed from thia line ot r••Dllt&, 
u ft&et&t.S.on CJODtiJlu«l to iDDr•a• on botll lllulka. Howwv. lt. ehoultl 
be DOted that the WJr7 ,..,..... trend 1n eqe 8pawai.Da baa been raot.ed vit.h 
P citic pink .U.On at Jon• Creek 1n lritiah Columbia (Macki.Jmoa, 1961). 
l'aDOnd, piaka tawv.s the cbaDnal p81'1ph..,. With a latezo r.t.urD of 
growth, apawn:lng at Jlid-etr .. incr•aect. The poesible aaaooi&tlon ot 
the edge ett tat lDdiaa R1•• with preter-.ce ot wat.R velocitJ aDd w.t_. 
depth bJ fiah wUl be ._,ned in a later aect.ioa. 
R•ul.ts ot t,he stud¥ on consi.st.enq of red.d denait7 bet.wee 
sections .-. tiah could .mt oa a volitional be.eis over two or 110roe 
'rs: ~"!.~ .~ .... n. :: ~~ ,.rlson f'Jr ~··t.v~-r ·· r t"f'r~ ....... '!'-~;$~~ t.o nm•in~ or ~f'!f: 
cted on nctionli i !1'V01'111n;;; f"o <'~i5f"~r, 1 t;}f a~ult.s 
">Vll'\1" ~m m" ·"'ltYf"e ~·rn a ":5. 11 .,. ~.,..... r. 1 1" ~ien '. ~  ~~t)fi.W-' i np. 
• ~. 
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per CWl\ a! t..he to~l ~ fAfiPQ.idt~ in 1966 Wt'.W8 &turt..~ WI the "~' 
s1 t.e odlier'fi 90Yert r~s ~tK! tn-s yec~r bui~>rtt. 1-h~,c~. t-•1-<~s did no't 
not.nbl.y t~ to &S~r1. 1.o cu.o~ th~ O.i!:.lliW ""-ot on u .e bW.:a flroa y•r 
\0 J.r. 
It. wau.ld f.J'POCll" t.t;at. ZJ<)N r<..nde)m •1=•\iD.llt~ uiat.rtbut.ions ..,._.. 
at.t.hir~ tn l'i66 ttit.h tntt ~at ruldoa oit~tribuUon oom&rrlrlt in t.h• hl~ 
d.n&i t.,.~ 58Ct..1.on~i bt4 t.t.at U\e ~~tt,cr crowdin~ .hfil"" J-l'O.L().Gg$ .t.~.d ;ll.t~re 
r~ ~t..iv1.ty c.~~'-~~&t 'iro'itb t.U.. (Fi .~ . 'J.6 ). furthw~r•• .t-1 ~ . Z9 indie~t.ea 
U..at. Hiult activit)' u..t.,.reso«i in nun\r.•rti or fi.~h wu~ JI;';O(li!led sitlC-• the 
p .,_,'l.k t;f' ~dnlght .. ctivity occurr•:od .four day~~ l&.t.w in t'iah hold ttt. hii;h 
diiil~lty tbUl -- t low don31~. For- t . rq t.ll t..he iotn,. dsdly :&~.-:::.·Htd.~ act!vi\J 
<lJa~etl$ 1 oo Mt''«~ t.t.ll...tt t.wo Ulil"'d~ <."tf' tJHll ~1~a\.}llers •ero nuo o!Jtlcn-~ on tbe 
~- wl.t.bin 't...'-HJ lo"W t!t'Jfta.i\7 ~.ct.J.onu whU~ no ~1"4 tl~  ~ix t.~ttut \-ttS"e 
o ):n;rvld<d on 't.h hi•:h t\tJO!Ut.y fl~ti.<.m,~~~ . !m~v.en --. ~x r~t.ioa , ~ritoruil 
b~G.Vior aM ijl"d,o~.t ri;~"'l.,; 1-\it.tu.n t...h tltt«Ui.i.U:Iilint.!l tl.l"tt !~ctor~ ..oh~dl 
I l"'.tA·Oly l"JJ&~~ t.hot l11t.~i~ anG d\.trh.\.ioA o~ lf.MW:sl. -Ht.;V~•n.i.n.& !!it !lOll\ 
~utm.lt.~ l.wels. Ho\.~1 in 1.~1 1:t i~ bel1wtt<i· t.bat. the f~g all 
rlj:<mied sore q\de~ .r~h~lv. t.o thi:! ~:eginni~ o.t true l!f&WIW~ rJ-wn in 
l%5a ;.~t.t~~ of holdiJlg fOOl~ in .1.90() OM WGC ;, .(t, .. u- b\.d.ldin.t; o!' th-. 
!lr-&~ t.ru/6 J"iX!d iu.U.ca~ UUtt ;J;i;,~t. t~oaloa w_.., ripo whUo f'ii· 26 
dti1l!Ont*t.r:n .. ~$ re.lntlvoq =>r ot th4.." total MW read builcU.n,~ during t.h8 
~~-•. y~~. r in the f l'll!t.. .:HII'II•a d< .. J e~ oi to~N.lhtt1.ing on any /', J"'Illrn t.r ;;m during 
196 ) . :- ~rhe+A mr 1'1 • np~wnin1. ~li6r em t.h.:. oudts. ~ru~ lesa t,t;£'lt..or · l 
et't.ir. it£or · n;.~- · J¥1 OVdt"a i-; ill t.hU" spt'n.r • .l.Jh~ t~it.orle~5 ~.nd e.JOt•• r 1:..n<lcai z. ~ 
&! c \Wnill.,\~ dl~t.rlrA~t..i.uns . lt ) s t;,nuw::~t.ood tr•t in r..t.l'-~ .!if\?. J;•e i~· ic f'Usaon 
p.u~:a."'lr; ~h lnneln, f!.o .~in!;; adult.u O\i.t o! tJ.e cho--Mol until u 5uff!.cient. 
ri:- !I egt:a}~•nt. ru.,!l tll.CC~~\.~ l"~t:•:;U.lta en t,..J.H'i!ir J"wleb00 to t,hf'; cha.ni1 
6? 
in a. lower overla~ of t,t.JI'Titorias with t.1tt4 th&n 11' t.h07 wC'e allo1".t to 
st.rasg.le in ae t.het;i ...;;n"1ve at th0 -i:nt.t-itnoe. idtboue:l• redd ~ .. ctJ.vity in 
fi&• 26 &J.peara hi.n'>or &t OCIIIIIDtm.O&ent. ot 1966 Umn of 1905,. aam2 natitm 
of Fiaii• 30, ~1, a.nd )2 do• not indieat.e an il'lerw.aod f.Jl'Oport.i.on ot 
t18h oa biKlu our~ th\t same int.~ in 1966 oYer 196,. Hownor, 1ot..ms1t.,' 
of redd a.et.ivi\.7 at. the stan of the 1966 aeat~on t~ nut neeeaearil_y 
be ci.truc:1oly r~u..~ to f'ish n~b~ but r-ath r to u hi~t.il' degrH ot 
rie-u.ni~ in t.hllt )'e&J" with~ fish l.'rli}Qutm\--ing t.bv rit.rles. 
~upvill:pc>8it.ion ot raldda ~t mainl.y CO.t'i$ about. when £wales 
eom.}let.e a~ at a ps.M.icular redd location, und lllOVe on, Md are 
Nf.J.a.ced in that. area by ot.her t'~il&.les \·rl tb an owrla:.; wdet.ing between 
J:li.St u.nd l-res.cnt spawning t.~itori.oo. "\uceoeedifl8 f,~lo &pli.wne<ra place 
eggs in ne.st.s in untouched ar~ just. 1.lpatr-.m to previous incr6:1'umta placed 
in .._ r«ld, 1n _.ltoget.t;er "* area tl'"t4-r !'roa }leviou~ digging, or in redd 
al"eft alre;_,ey laid down. 'ale l.qrt, ~ .. ltonw:t1Ye inevitablJ' lead• t.o neet 
Rpi!lr:L."1].'0S1tioa &.nd dama~e to prt;vious egg D~$t.e While the !1-nt two 
fr-xtu\'!nt.ly df'h&l.Of 1nt.o oyerl.&r if di,gaing prog:reaaes ut;'tBt.rea.ta ~ 
1). br...ndo n~ recld area. 
The effect ot spa .. ming dGn~dty oft redd size end r®d s~ial.osiUon 
in l%5 ~!nd 1966 is st.own 1n Tu.blw L\ und rig. Z/. l \.t ean hG a..n t.hat. 
· s dvn-~1 ty incrua.:>lld., t.b_. r.td arua which each t&:»a.l• utlli~ed in dBJX>siUnc 
her oe-; ~.·s tliminleh«i. It. .18 also a.pt-:~'rent t.h t. th• amount. ot redd aree. 
which !ww.l e eu~~--orm;.o~Stotd durine l'.fJSrWI11ne vnri•e oirect.l.1 \d. t.h ~tm&it¥ 
ot :•t--'t:l"'riara in '*1eh sect.lun. ~~t. low dunait.ia (i'i . l .<.l.O), rii!Jdd ar 
r er f.ar.al~ ia a sec.Ucn r~ins · oov~ 2 oquaru ,Yfl-rds t·tl'gardles• ot yoar 
or :-::ootion con:<~iaer-ed. howw~~-, at hifS);UI' densit.y {D • .I.> .!)1 th18 sa.tiiG 
UJ 
_J 
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69 
... ole I.:.. !j.f ~~~~ <hm~Ji v. r a siz<~ t.t\oo'l rood ~;Upfllrlll'l, oai t.ioo6 luciAn 
~1wr C.hannt.i , 1965, l.9b6. 
i'OJ"ChJ.lli. ot 
i<edd tl.C«\ ()d );J. e.wdlAble t '*J"Q>mt. c4 Densi'T 8JAWI11ZC redd c~r-. 
ler as• PK Eflkl m tw•\1 N"M ut,illgd "WS terg&!SI 
l9e5 1.. 00 2 . 01. 2.48 17.66 .).89 
o.-n a.28 J.. 99 1.6.00 ) . 01 
1966 2. 19 1 . ;.6 1 .62 ~s • .ll6 l) . lO 
0. 69 l.b2 2. 09 ll.J? l .JJ 
UHJ ar · pl.cocd in ~ l"edd or t.hlt (I..V~ ...... • rocia area .ati.Uz«i peo 
1' :t.~ ..,.. ot b.l.gt • .,r a ;.nit . • in l965 t.l'.an 1D 1966 £or •it.bar d&t.ws. It. 
co.~ont.r.:.t.iOJ\ iH li.:/lt. (i.··•· < l), out. ~co:mOG oot.~b~$ •t. th• hi.~.w 
d tsit.: (: . : . > 2 ), ~.ncr-.t;l ~ to ovt>Jor lJ l r c " n•~~ ~u . ., the COll.l-
70 
!t.c~l (1964) troa • at.ud;y ot Jrao1t1c s;~dk •Jam spwni.ni b«1e 
in two JU..aaka •tireu tounc1 \br...\t, ~ loA and mo1"tallt7 lnDreased a.• t.be 
oensi\7 ol t la ~ •• U.ra•od ru111 \bat. thi• ~~7 W6s •t.nlJ' 
<unwed tv 1W• aUper~iUoa ot r«lds. At, Iftdia.t't Ni..,..• ~ lo.ae :rrcaa tn1s 
e&uH wa~ ~~~ w-itae&aedJ wt. .i'l i.a quite eono\Ji-.bl.e thut. ~ 
r4kida iA t.ho obawu-.1. ~ be ).~ n.tb..- t.lu.tn t.ot.eJ.lJr .ap~ooaed 
with NlliCh of th "ontJ"lap• boi.ng ot m:a.oor con1utquence t.o •an l.Gea 
ana mol'tallt¥• For tt.io rtsaA&n1 t.hd r-.:!d ar sut-"'•1.mposiild •• claeaU1.S 
&3 •orit. o~-1• Oi' u__,.gi.MJ.tt to et;;.t; ::.~'V'U depOOI..iMt.. on ~l~ •u.p_..... 
iapo~it.icn in-.ol.ved us\ \he border~ ot t.l•• r«ida or alliO ioala.iod &t. l ~ 
sotMJ ot t.he oont.ral f.Onio.,_ vhve qgg oeet.a wo.r.e lU-g J.;r locat.cd (Fig. ZQ• 
i ' tm A , 1965}. 1.bi.e unm1nat.ioft ind.toa~ed. thiitt 90 pw oat. ol aU. ••• 
had aoaw cri-tl..,U O"flirrla.t: wi.t.b ~ wwes;U.On of th• low de.eliq o«rUon ot 
1966 which had 00 per cat wit.h tiOO!iU critJ..:~l over~. 
Table ~ . Aatt..-.m or tq J=>:r'Oi!Gl\). fzoa 1966 SJ.'ft\i't~~ 4tSOapeca«l\, 
l.nd1an t 1 ~r ChatUlel1 l 967. 
• • • s."r,J fdl" J"'W'lf:i or 
t«~~(li f1•h eput.uing 
Hi.gh !:1m: ... ity !-3octt.1oae 
( r .l. • ~.19} 
48,116 
low Otlll8i t.y :~oct.iorut (r.. I. • 0.69) 
?1 
bat.ehlng \be t'oll.crnd.n_~ Sprl.hg. ,t.ccordin& to Tahl~ .X , in lfj6?, tb~  
ot f'rl pnKIU«< ·pel" pm.ma ot t'~J.t:t ..,a~ninz i.n .titl~v hit:)\ or low 
daaai~ ~-·~ "oro ~baf.liU" 3Ug{;Qt1ni \t'.at t.b• t&1.(#\..- &U;p~1Uera 
at. t.tw hh..;ilel' . ~ne d--.1\f \>!~ not. v.q cr1tte.&l. 
Howcuar, th.rc ia an ackU.tionul t.r .. otor oonaec\ed with UJ"QYel. 
c.lean-i.nz \iltU.eh eollf•Uoat.vs t.bi$ wnJ.vation. Th• ;t;'tf':aet..lcH1t ot p•1od1<mllJ 
el~ ctwmel crpa:41fning gP\I!vel vit.h £~"&Vel ~.g aDd. wa~Jd.~ 
ch1rt•l'"'J fthr'¥ !fiiW 1•rs ia ti~ought. w be q-uit.e ~tant. in !af.rovtna 
Ute ineutat.ibn taff,t~i~ of ttpl~ OOde ~~• it r>eaofta f'lnes and 
Ailt .,.,~ ,i ch ClOCtJII'Jlat.o 1ft \he ff.J"&:vtll with t..S.JM. Th1e ;.&a ~well 
docuae.nt.«1 1n a H;.c:Uie fink ~~n SJ~awai~ channel looa~ on Jon.8 
CN 1 !rit..iob Col bi& (r.tackinoon, .!3:. .§!, 1961} 1til!V• th hir_g,. · • 
ss t.o L-q ~urvival n1t.vs w.-. r&eord&cl jUG't att.•r ol41B.niu& the (P"I1vol. 
?h remo¥a~. Mr04111~~b wasnln,g ..00 repU..eaet. ot t!l"avol 1n l9b5 Ju.t 
f..'r!A)r to t.hr.t 196S 6J;:-4l~CDiag a\ Indian Hiwr ~ tc n.ve l"ft~ted. 1ft 
tdtdl~r •fteo\1 ve iaq:.~._et.a 1n fl\U"'9'1-.l ft\otfj• ovw p~0\.&8 yoaru. u 
sh~n in t.OlA .tl. tint~~:. !or fiacal rawwruJ., th'll el-.nlng 
in that y-.r waa hl&t.ri.c~ to u,., u;:-pel' two t.h.irda at \be ehnnnti, and: 
• oot; c ?J."'-~ 1.11 th• low or r.o•rt.ion unU 1967. 'lhi~ =-.nt. that. 1D 
1966, all r. clde in t.loNi II a.nd lU wC'o J• cttrl 1n tttrul jJNvicli6q 
o.l\'tlilA«.i b\it ttw:t.t. ?0 frer e•nt ot t.tlU t.otel Nlth'.a turth.r ~na\r~ 1n 
!)-.ct.ioll f'i (t.h• low densl ~ t;e<:tlon) 1 WeN placed in ma t, .. ,r1Al "'-h1ch ae 
not cl ~ed. ()le would r aoA tro:n this that had itJ-'.ltwttina dcud.ty b.:~en 
he.ltt conat.a.nt. in all '!t.-ctior4B, Ute adv.an~...&e aftol"ded .,~g ineuoa tion troa 
en. v l cl~~ in \!-oot.ion U &n<l .U .r ov~r ~~Uon IV llfOuld ~w 0\J(Jll 
S~" ~e,r r~ult.in·~ in & h.i,.;!l-~r tr)r nut..put. p•r J..Ou.n:i or i~lfll in t.h UVP 
t.\o..'U ~·oot.iO.ruh 3 1o~" oY~:~r, a.t thu d\11n.91t.it;e t.hat prc~i.loo, t.h\1,; f*ttt.1:ut.u o~ 
were b.bo\\t. • at.oao.. '1hia lMde orus to aunai&.a t.ha.t. th b1f.h• apawd.aJ 




















l feaal• d ... • Th• proJ:Q:rt.lon o.t llp&'ttGu.g ~und. ~ti.J.1s.«< itiCr••• 
lrc>I6 u p o.«&t .. t.b• low••' d.-e1 ty 1nd• t.o as pe cent. at tbe hittbest. 
dena.i'Y 11;6a. Mel •• oco . .... t.hat at a p~ donsiv ot ooa t--.1• 
p..- 6.4 r~ or l li¥11 $;_. S 11qU&.1"o ;:. a'I'U (D.I. • 2.10}, roUdtq OM 
q\l&fter ot t.h• a 1.&\il.t ar• tollcnd.ng apawnina haa been pl.A~o.t 1a 
iM"IM!I" (1951}, in taa 1-"0:"k w1t.h uh1llaok, coho, obll'.\U and. sooke;ye sallaon 
{genu~ Oncorhypchus) in Ul Inwerr Co~biti. l ' iYetr i.>;rst, 1 reco~«l t.h• 
13 
t.rout., .alr.o rucognir.ed \ho need tot• .a J.are 1n~~r-rec:td· 8l"~•· H• r.tl.l.ow • 
a8'V'cn to fi.., .. t t.U.S 1ihe Jl'«ld O.J"Wi. 1n ea.l.Rlat.in;l. th t.ro'* tf.R}.&C1\)t ol 
an .tll"Ufic1aJ. spawniR{t gl"'lind. Accord~ t.o t.h<MO iuv~$t1gtt.tors, a 
prnatilng density of 6 01"? ~8 r•r ffJIM.l• sablm 1e awnacming t.be 
p-nteUcal oapcity ot Ibdhm Ri.v~ t:balmel U one aea~ thue c•--
tr ll.:atiotts f'or t.l"'ut and Facitic 5almcm .apply t.o A~nt.ic ~ 
~tel:«rll {1967) has MiY£;;neoo three ~C"tel"t l ?·~-ott~u"iu tbe.t '~ oe 
U..UCIC1 t.o de~cri U\e diet,toibut.ion of l"flddli J:<~lthin a t;~·~.mi.ng tU"etH 
{l) b,YJ..uth tns ot un1tom o1.&J,il!"l·don - once a rf.4d. hats OolU'l 
d~;. there i~ door ~· tid ~ . rob Oillt.J; ot turthW" ~.1agins 
t tn• Ol~JM locW. \.tone 
(...:) hy;ott.~tiQl ot Nmoc-. diopwtlt.ion • redda are d.Ug e.\ ~ 
l.DQ\.ien(; . 
{J) h~J...Otheais of cen~.f;.. ou.s di~persion - OflO-(t a ra&t haa o.en 
dug t.tcre i c 1ncr..$ud likell.hood of ro Mc.ci.ne. a-e Utis 
locaUott. 
ror 'tte u.oa~ t"Gri., r-.ml\tt ot t.he i oiston 8.lld ~eg.ativ• £li.noudal at'J&qs1• 
at lJWla.n Hi v r ~\l.pp6rt the aecond LY:t ot..heuio ~i th i'OtHr t.t~ll(~f.MW .taa loaniqg 
to tho t.hlrd. ill qualii'io:/U.o~UJ D~Ut+t l.:MI a . One s hould 
be r dndtY! '!-.£ ;t.t. tor t.he.Q.e ana~·~Je t~ • '1rtldd"' 'll!rms <i.rinod .!'t-8 r.aerol.y s;;at.lal 
ent.U • .:; ot ~r.;t<mt.s S4.nd th.at. tJHl f 1rt~t. 1ncrciD.:lGnt. in the 7'«W ltAn t.fik.en 
s• t.M loe~t.i.on o:l -.ct rwcki -.:~.thin &>J.cb ~t.i"n for G.E~ch y•.lr., Howftv, 
t. ~DA Al.OO p:•evious.l1 indi~tr&tl t Lat r.tdG buUt. oW!" t;. ptJriod t.f two 
or u~r~Jt w ' a r oob..cy ~1nod ._, 6ori.w& of succ .. ~:!.ve incl"~G."'\~a 
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And. within t.b• eaaa ri.Ginit.T o! bod l&nGt.h. ~it~ undoub~ ..ould 
incrtu• tb d .... of rtJdd clwaptn~ OYC" '\haft r~~ud »llae more redda 
wou.Ui oe claa~it1ed a4'..: jao.wnt. -.ct~ other. flovever • 1 t would be ~fi{11bl.• 
to el's:.J.f s~ ii dotait.ioa f.4.Dd c.tfu'i»if'iC&.tien t.r.1. lnrlian River '6ddoh 
re-.:~.uird ~lanuU'yin; too "rdldd• bafJad on dstl~t) ol incr-eent.s -within 
ancth~r w1 truv..d. ruy Lia• Z.ll.P be~en seri<H ~ mt.wtd. UnltHJe all tUb 
I L .{ ,,,; . ! .. : ~ 
1.n tt ch.amol ilt.d been \.-.· uoo .;J:tll!. ·. all. tb~ incr-~.nt.r. have bem alot.t.Cid 
in t.he ar""tl,ylliJJ. Hunoe, thv llefinit.ion ot i"edd• i .f a.nrQ ttp-oc.i!1c, mlbht. 
incU.eato an ewn ~kt.o~.~:r d .. ~ of cunta:~.ion in t.hu iiiat:r~butiorw bu.\ 
toci.liUaa & 1lebl•• 
de~ifLt..ion of thct I"OOci, in another :?$USU, t.h<il &\\aeb.~t Q£ tlGGtll t., 
d.itter6!nt tG'fal. uptu.reaa ot J:<l"ll'Vioua rl.Nta in e rtildd r~·ret.Junt.e a uni.fona 
~•ent.. This }..h~enon {.'I'QOaulJ J"&llfult.t~ in li$S& r.lUpori..q~itJ..on t:.~i q;s 
7S 
protabJ¥ .or• a JlaDdoa or ooatagiolas ph••• crm tbut a \llli.tora OM 
(*»aU, 196'/1 1964). A hJtthe:r c1rcuutanoe wh1cb ~ at.t.ribtlte 
to a UDUona cU.MribuUoa 1a t.be apparet ._ ..... 
nwlap. YV7 t• ~ occnarred ... r.w. doW.utnaa t.end..S \0 
iaoreaae •'P'.t1eaatll' up...._.,._.. tJua .ru.t i.tacMa tot a~»Vl• 
r.sd l4tether \hia redd .,.w.. vaa ill tlle proo ... of bela& buUt. and 
posaibq d.tellded bJ a ....UMt pair,. or 'Whet.tuar tb1s recld vaa 
o 1 plet.ed a..s abeDdoa«l a-t. • ..-uar da~e. soaet1.aea, tb•• 1a n-. 
ftid._e to ~ that U tbe downat,r ... r.W doea ao\ ~t.• tNt 
eont.ila• \tpSV... it.~ 1M btd.lt into vacant. grouart on the lat\ or 
right ot t.be upaV.. ndd. 
OD the o\her M.ad, 1a certain years tbe Chi square ~eie 
det,ee\ed WMtv• ut.Uiu.Uon ot ..t H\11 .. ebarrMl epalfld.Dg ar•• aad 
Ht.wnD channel aecUoaa ot width. c~. th•• ••• do not 
iDdica\e s1ga!t1cant. local.1Nd redcl ol~ ae iaol&ted witb the PoieHa 
and Uva as .. ial anaqd.a about t.be rocak w.U 1n lfl,.S. Bath•, the 
1111ewa•• d«.IICJted 18 •n a •nifeataUon ot ch.us• 1a \lUUaat.iGD tbi'Ou.gh-
Ollt. eUJoe port.f.ou of the dlamae.l ax•aiped a1nle it ooowa to the .-
at.tat. 1a •c:b 1Jad1 Yicbal qudrat.. 
lD rtrtroep•t., it app-.n t.hat the r8Cld diavililu.\.iou at JDd1•n 
River •Snly contom to a hJ'poth•i• ot ramo. dieperaion at the apa'WRiac 
d81\S.it.1ea CKe1ned. C~, t.bia is a sen....Uat.ioD eince both 
.CODtagi.OUII and llfti.tora elect.a appeal" to ens\ ia the diatri.tNtJ.ona 
along witb spatial chang• 1a th utiliaatioa tna ar• to ar• and troa 
edge to center ot tb• cbalmel. Moreover, one DOtabl• ••• ot coQ\agion 
waa det. ~ed em a epawn1ng ar which ~ ia •• 1118¥ be aaaooiated witb 
& reclt u«1r - & ~ui.Wit.j which wil.J. 0. U&R1ned i'urthtjl" in awther 
.ction. I\ \rQ\lld also f:•J:;fl6r t.t;2.t. at. npa:wni.n.: dc:nsi\t.~tj of Ont) !lsh JIW' 
· 6 or 7 !KlUAr• J~ _ a. ca,.#&c1ty l~el u ~ approaehad i:ft t.he cbannti 
'ihwe $orlQWS ~er1Jrij.l061Uoft is prob&bq still .tn~l but. could 
~ iaport..-"nt. at. h.i~ denst '\iee. 
f)btntr'h1t.1ons on •~.;; salmon durin~ Ulo MJ"l)" ~~ of' the 
.1965 n 30n eug,gtt11t.od thr.t did.l¥ f.lucW&tio.ns 1n wat.t.r t-cnp.-at.ure ~ 
po ibl)· r t.. to the nust>tJ:ro o£ .•iJ.~fl.wn.rs obeel"Yed to move ont.c the 
SJ.~wain:; ~:or.!) dur1~ · ·~em ol t.hv four d~ill e;.a:wn1n£ e-ow.tt.a. Upon 
plot.tin·~ ~h.• t.e1llij:.4'J"a.t~c't1Tit.y r.J.at.ioneu1pa ua td.»u au1ri.tus for oa~"h 
y.r • -,!, eo t.l"end vaa indi tt:Mf w.it.b largo r!Ai)T f .luct.uat.ion:» abo~ 
t.h• tn.md ~rnd t.h.ia wa~~ a.eeount.U :tor 1q tb4t fit.t.ed ~~ 8\Jl'Ves. 
fi~~· · 28 all<i 29 illU8t.rat.e thu 196' and 1966 raidoight '-f,..rat.u:n 
aM acl.i.v1t.:f eeri • ,..._t,ed 1ri td"a.iu 11Rq• lD 196S, •pawni.ng ll4U:ri\f 
obe rvat.lona 4i~ not. ~· um.ll t.bo end or Vle fire'- v.- of 
e~ n111¢; oco\.tllUn;; for t.n high r~d1nlV! ot actlYit,y ;>lot.t..«t ~t-t. the 
bo5inn.Lt~ of th• ••r'ies. Si..ne two ditusiatl.Ar ttpawnin;r darudt.ios 'lit_.. 
:cAiot-: , 1.!~ in 19661 ao\ivi\7 Watt &Xw:dned. •er..ar~t.lll,J wit.bin l1ifJi aftd 
lo~ a ~1~ •actions. 
Fit.: ed t-•r t r.er-~\.ar• ~mr..1 ~lot.ivi\1 CUI"V.q h&v• aocount411d tor 
trund w'lt.h tl.me (Mh:l~ftGr it.e c;.,u·.~•) 1 ~ that ttu• :ru.&1.-1u.al. w.rl.once 
(rarroa<tnt.ed b'.r the dtSi ~rt.ur e o-t the ontterv«i poi1•t~ %'l"'G th~ t.rand 
nev 1n tt~• i'igul.'"ftt1. } ~y be oorrelat.t!id ind p &"'tdent. of ~. for both 
.:~rs • .:il ciQ·break and at't.~n l air«l r--.dln,:;s lffQ!"e plu.coo 1n « ~· 
Tl 
so:M p-acl.ode (ct.g. ~i u low ae U tor l96S Mlt.U'JIIOOn p•riod). !hi• 
t.rea.taent ot the data. re~ul.tad in tbe ®a;;•tita.Uoa ot two con-.lat.l.oA 
high, no• 
Tbble l ll. ~~of ttDperliltUZO~t.iYity ~rrelat.ion r.tnalT•1•• lm.J.an 
~.ivor ~·pwninr. t.;bs.nnel, 1965 • .l966. 
SJ:'-<R l<'tl.iAg Corru~.tion !i1gnif 1ouwG' of f fii"CQftt. I...r t'erlod coetfici.m.t. ot total 
chmsitj (r) T fro~ ~ttl'() YN1-e'i.1M 
.1.965 r~Tt~• l.ow O.Sl..t. tJ1p. .05)p>.02 26.0 
;dj_J)l\. .tJ)w o.m •i&n· p ).Ol. )J.O 
\.1Jae 
966 ~;'~'"t.U. u:tll O.)Ol ~~·~1Dl• O.l)p><).OS 9.0 
liit;;b 0.149 nona1gn. ().~·>• )0.) 2 • .2 
~igh\ High 0.1)2 ftOURidfte 0.5?P.:>0•4 1.7 
w.-

















































The mo.;t not.iibl.• eotJtficittnt.a tar an]' year ("J'f' ; r~rioo •inly 
occur in tbe sections kept. • t lo'W ?$pawning d.,nsit,y. Jl.ll ~}-4.\'-•nint.\ in 
l%5 .,.. .. ~ 1:.t relat.i.voly l~"W !dnsity Yhilu o.~ _lo,. den~ity t\ttet.iort in 
1966 had t.he hl4t$4:.'\. aMOc1at1on for a1t.hv or the d&yt.ilrltJ ''~" ni~t t.ime 
eat. t.'Ori... One -.mul.d t\Wip.C\ that 'aila7 J::~&n.ift)ata'tio~ of ..,at.v t-•J.--
-er•turo ,1\. hl&h« spu'41int, a-eru,iU,"s ooti,l:l. .., tij &tl~tk\td l'1if !•OI1W ovel"'ridi.n& 
el!ttct .-n.ieh i; il ~es.;; ;r;ace or twrritory !f.Jr ~pawrU.ng-. At l~st.,. t.be 
a:~~wrr_:l.e in F1~ . 2.,0 indlcatats t.t .. at ~ult &.c:t.ivit;r =1 w dlt.ansd b¥ 
Ml.f..U.er .oypac• •'llot.m:unt~ t\\lntt;t t.h.u. !;Nk in \Jil;) t1i~i.h <hmsit.y .JecU<m. 
durint.,. the cl,dni.Qlt. p!U'ioci of 1966 occ'urred fow- day::r l.v:r.or tl'1an in the 
loa. d" l.\7 ttection. ~..vwr, that v1ew :!.a d1~-...utt:d to ~e .t.ent. b:f 
t.h t.tu· • lu•er coett"ioiont.:.:s . P.ero, th lc-w•l!tt# c011t~ci.unt rooorded 
vae in ~ ~- d~ne1ty eection 'ff--bil~ t.he other- two coett'ioie.,t.s tor hi£h 
dmsity wwe u~hat bt(:..h411r. l"llrth0r dlser~l&mi~ @U""O nident in t.h• 
dat.a if one ~~-rea lu\...-yAr &.nd 1nU.-7ear ditt•ef~oa in r...U.tiellabi.pa. 
1'b4 high ~• co•tficle:Jt in 1965 oeeu.rrPXt at. night "'11ile 1n 1966- Use 
higbos"\ co.tfidout occurl"ttld at t.ht.: oar.te o.ompal"iit.i:v-el,y lo,-.. ~pawnlal 
dllillru;lt.7 m.ar1n& the day. P.oreover, th• h1 ~~01't ~~ eovf'tiOl$\\ 't#it.bin 
hif:h C.eMity cat.ft6,"0l"ioa occ\irrwd r:nu·.Lni.$ t.hollll d~.Y . koncu1 it 1.a V•r:J 
difficult. to d•t,.,.Uu~ ho-w "WAt r tu•fAt ·~l\.1\.t.:ur" an•; &iA~Wl'dn~ .oc::. t.ivit.y on 
t.hd ued• ar• r•lat.«l on til• oauls ot tq .. att~ t1«1ait.y or ~riod or t.he 
day. 
Tne rwsult.in& rttlationetd ... j a ~ be ~nnfiOt.ed l!Wr~ ~ to ot.ltor 
Wint.s. suet; tts 1nt...-jteal" chan~UG .itl ~t~ t.~~ur<£tur"' t.rut;O$ or r-et:).~. 
ti,es. 30, :)1, Mad. }2 $!'".0'-f'i; fit,t.c:d (':\,iJ'Ve$ Of :W~~'ill" t«H"'J. crw.tur• C,'Ul"!.fii ~ch 
ot t.h~ .four ;•ori~~~~ litt«i m rveB of aault L.Ctivit.I in n"W.'tlbtn"a or ! .tab 

tor •cb ot \ho· tour ._ perioc:.s. ~·luG a ltiat.og~ ot daiq :r.W 
Uvit¥ ~ 1n SQ.UU"41 )".krda ot gi'Ound. In uaeh 1'1~, tb~ trtmd: 
Unu tor \he~ RDG deqbr-.k p ied.a closely confona tQ GlllOOth.S 
deiq aaud .. ~ wh\i.la\a G.ill v.ator t.~~~p~t.t.U'ft r•peoU.wq. Proia 
\he t'i~1 it, ia &J.iF-ADt. that, ~· wat.•l' t.~..n.t.<unt \rend ~ tb• 
lat.t.tar ~.J..t of tlUI 1966 S}.-<.l."il'lin:~ SOil:!:!OD 'WflS tl'1tt iJlVertl-· o:f til&\ in 196S 
'S.tdltt tl•tJ h£,if60 -~ !i\ l1fC m.uQh 'b'i.«Gr in the l&ot. r~rt of l96'6 t.tt&El duriftg 
1Mie.rt.~ tJ7 th~ ~enc-.t!IQ't of Ff.!ldd ~ct-1vi.t..;•) ... a coin-o.;..ae~n\ wit,h a mean 
.t~ t.or 1:.em1.-~ ture 1'\l&ltwt ot 4).$0 - w,.r/'Y which d...--~·u'd to a'Yea£(• 
)9°'1'~ - 4).0 1 d6.i.q til.ll'i.ne: t;or&k spa.ilild4~ ai.n.d the doonaooe to :M.. f>p - 3). {' 
tv" til~ oo ot the s &On. t:uring 1.9661 (Figa. 31 or 32)., Ute !ir:llt rodd 
}.uild.in.:£ bQgen ~._ 4J.tfF- 46°P, d~ttw •Llo to ~v~ Jifly- 41°F 
by :miC-ee&IIOil bUt. t..h!lltft iJacr-.sed 1:\1"81\t.l..j' \o .titall,f- i.YtU"'~-'·ii.liJ UJ°F - 42°1 at. 
t .he V'~I'Y ftJld o.t t.ho •••on v.rit.h the ra~~e jua\ prior t.c tulason•e and much 
GCCo.-··1t.~t.dG cv.r t.ha.t. ll."hicil eoeurr«t in 1965. A cloocr itar.atioa ct \be 
:C ulv Al.r:: . i.Yeni.£~• cli .• iq !luctU&l1outJ in water t, l~t.ure t'or v.:ri.uua 
pwiode ).- rior to t• '"~ uuring $J-&Wn.l.J\~, lrk.t..1ti.n ru. v•r Clano•l.• 
l%S, l%6. 
~ vl"iod , x~rn ... :~ tttH:l.v !~ i..uc t.Ha t.ipn: ~~966 19$)5 l 
t ;t. 
"'' 
- C<:t. . lS i..l 3.'1 
(l(!t,. lb - {.~t . 29 '+•2 ).) 
C'e • ~~-· -~. l2 2.7 7.2. 
•u,- dep .. ~t.101l8 an a.- to M .__., tilrM ,,_.,. u ar-t. 1a 
1 toJ" V.. lat,hr ball ot ~,. 
~ vu wmdel"..S it \be low 1966 eornl&Uona GOuld be ~ 
1a 1966. 
~at,ure showed that. poeit.iw associat.ionr~ wore jut. aa II&U"ked and 
~t. (or nen l¥lr• ao) in tho latt._. part. ot t.h• a;r• w~ a-..on a.a 1ft 
tlt• nrat. part, tor •IV' period ot Unt da¥• Ill a ba-UlGI' at\«<pt. t.o acco\IJ'd, 
tor tJut l.Di' 1964 coettioiut.s. tb8 wat.or '-lr«'tt.t.ure t..rencla 1ft the tb.rM 
· J;etiod juwt. pr1.or- t.o IYI*~ ,..,.. &.110 ~ne tw .cm 7•~"• HowftW• 
t.ra¥ia for bc\b l.90S ~ 1.96' flata a.p~ Vfl'l!7 eiail..t&.r dut"ia\g t.hU porW 
along vltb tl\ wawr t.~ture -.v 
ftl s . "1M J.ow .. t ci.aU;r •wr t.e~t14ilra\w• r_,Ned wit.bJ.a \his per1oc1 
• ill 196,, while t.ll• ld . .!iib••t ~rat.\lN oocwr.S 1D 1966 b\i't, in both 
oaa•• 'tM ~ OD.Qt axo «1 recorded potm.a wi'U\111 tbo O'*P""'ed 
)ear b.;r 1.s•r. 
eXU'int~ fi&• • 30, J:t. "''r~ 3~ on. Gall • ..., r"elat-JoMbip 
"",..•• adult. acUvi f ~·-' in n\&bere ot S'pt"WnCJn on t.bo beda am 
J"edd acUd.\7 -.p:-"aed 1D \C~ae of l"8dG uea per sqUU'9 J&"l• l\ .,_PF..,.. 
that rodd btti)cltD& or the f'l.nt'L J:.tr't at &.tf¥ a t.10B Wl8t. bo lbrt;Cill7 
night ~t.toas. All period& ot the eta~· cont.r1bl.\t.ed <.turing the v-* 




























































&ad aidm8J't, aoUY.i.'t7 coino1ded h.!r)J cl.Mel¥ with .-1 r.sd lN1ldSna 
biR the pale tor the ....US ,..iocl. U w.U. detlned, -.. ua-.lJ¥ lat• 
tbaD \be mode tw ncld hqt],ttq. 
A p·lt e · at ot .,awniu& durlaa ~e lat.t.• baU ot ..t& 
•••a ill \be .....tas aad aNUIIII.Idd•'&b~ _. ae\ V.• redd ao\i'Yi_,. 
Aa 1Dd.1cat.ed "¥ OJ'M...-~ ta Fig • .30 and Pi£• 32 ... redd ar• 
placed ia the ctJa!"Ml Ol'l • .....,_. 1 aad S, 196S, and oa Ho-.-ber 31 1966, 
ing vu aeuJigibl.e. JtoMWlel-, it. 1e poaalble \bat 1ft 1966, ..,.. adlllt 
aeUnt¥ a\ t.b1a t.iae vu diaebarsed in deface ot old redd terrlt.oJ7. 
In the law dentd.\7 ...UOa (F1g. 32), ~ aot1Y1\7 IILISt. han pe'ld.a\tld 
uat.U the end of the ••eor& ud poaeibJT loa&•• At. leut, th1a • ._. 
po~~sible 1a ~-of the lara• masber ot .tiJib b'llllfMDUJtc t.be •paWJ:d.aa ..-.. 
aa lat.• aa lo-.-b• 8. OD tibe other hand, 111 tile b1gb clea.i\,7 aeotJ.ona, 
(P'J.&. Jl ), t.b• acUYi\7 cvwe tell short of .-. ot the \ru r«<ll 
aoU:ri."7. thia waa at.t.l"ibat.ed -.i.nl.T w the taot. that. adult. ac\1 ri\7 
obeenat.iou ..... Rcw.._, 8, wbil.e redd ple\Ult&• oontiml«l \be rr hdac 
t• dq8 ot t.be ••••· Heaoe, it apptan that poet. apawnin& &aUYitf' 1a 
..,.t. cuea wu Yf1111!7 low. u preri.ous.l¥ .. u..med, v1al redd aoU'Yi\7 
one II .. • lima before actual epawni.n& a:•..,•· PJoaqueat.q t.-rial 
redda start aa oarq u Sept, · "w am caaUmle .o.t.lT at. rd.,gbt.. Coate 
of adult. act.iv1t7 ~ 1965 d1d not taOe wat.U eneral daf• an• 
the Mg1Jm1.ng of t.rue l"eCkl bui.ld1ng so the t.r..t equa\iona (Appenc11x Table 
VII) collld aot 1Mt ed. d cribe the len tail ot the curr•. Howwer. 
~ 1.966, ill 'bo\h low aiMl high d•aii:Q HCUcma• (Pigs. 32, 31.). one oaa 
aee \bat tbe unp]J>tted ctr•e lett. taila of cu.n'e& npreaentlng Digh\ tiae · 









































4 6 8 12 
t NO~r~ and 1 ~lt 
arft"ia o~ , 1-lor'!· lid 
SJ. n.ln:i (ita it.)" 
I\ 1& 1at.er ·t.h1ft w not.v tb&t. tM dqar.k r:--rioci wit.h tM 
low ~l..lllz ci4dl¥ w.t.c- trCA}JOft~ -.lao bad t.ho JAw•\ con•fA'M''ns 
otb• - .... ~ 1n riga. JG 1io .3~ do DDt. SadSoate tne ... .nu.d 
pat.t..ra when proport.:l.ona~r ht&b• p~~ .. ._ ,., ..... \,..... wlthla 
a pviod an .. aeciat..S ld.tb p'OportJ.onat;oq bigb4r covtd.8 t'Oi" tbe .... 
ot aot.ual unmt.a in 1965, vile ou• fwt.t-""r- ear~- morn!~ aunt was rrade 
in addiM. to then~ oaea oh WI¥• Ul'UOJ'\tlnl1\eq, tho Wq~ 
recordod for U~a; ~· Mowev•, a -~l dark count t. 0600 hre., wit.b 
tho BM~W low wat.w ~rat.ur•, ubit,!t.ed a W1.7 .em bid\• oounli. of 
•faWaG"& on tb• beida. ,Aa)1ohar Giaor~7 4itX.ie·ta lMt'we«l the ..,oniJI& 
.&l'JIIl r:rJtfni{':ht. period Oft tb.S.a dat.e. fieftUT~ i»li to Oct.ober 28, all 
· rl.7 ~ ~ oheok (O)(X) b.NJ,) and aQ Qr tt.N"'llOb oh 
water t.pcrat.ur. r..w.t.ed in quit-e di.fterat. cou&a. 
t.~WN aftd ·~w~ ••'&• ln::U.an ltiver CN.nael, 
l<;65. 
Octobel" ;lB Oc~29 
Is, r H\pb!£ tp. of mew 
Yl u 
34 1? 
)5 n.r. l4 
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Tbe above examples illdicate tbat light may be e.raothv tutor 
related to sp&lmiDg acUvitJ. '!he low 1965 and 1966 eonelation 
coetticimt.a tor va"ter \-.perat-ure am actJ.vi\7 show that other environ-
actal tanon -.,. be reapcmsible :for some of the activity w.ri&ti-on not 
acCO\IIlhd tor lJT water t.-peratUH. Eva the diacrepa:nq betwnn lfVeniD& 
and Jlidnigbt, eo\Ults ot Oct.ober 29, may be connec\ed with light 1ntmsit7 
since this was an overcaa\ d.q which was c~earing lJT ea.rq evcing. 
For At.lant.ic salaoa spawning, no comprehensive studiea wee 
uot.ed in the llt.-ature whioh described the relation of dail1- water 
teperature or light to actual apawaing. Jones aDd ltiDg (1949) did note 
that spawning oeCUl"red in the tanks betw.- )6°F 8ACl Jd'IF, and in aB 
ad,1aceut. river at taaperatu• between 36°1 aNl 47°F. 'fhe.y alao obsel'Ted 
that epa-in.g tish did not ... &tfected. b7 bright arti1'1cial light. Fiah 
-
that were Mt eqa.ged. 1n apawaing would aot ~·to the spawning bed of 
the obaenatioa chaaber \iJlUl. the light wu ext.iaguishedJ 'but the writ411"11 
admit that these DOliSpawniag fish Jligbt have r.ained 110reso in the peols 
&JJTII8i¥• 
In other speciee, Fabriciua and Gwlt.ataon (195.3) during aquarilla 
spawn.ing studiu of Arct.i<J char (Salv!lipg alPi&Uf), came to the ca-
c~uaion that ater temperature, although affecting the time of gonad ripening 
and the period of migration to spa'WD.ing grounds, probably does not exert. 
a;q great i.ntluence once epawrdug begins in the speeiea hut admit that 
fluctuating water taaperatures during spawning may be or some minor 
importance. In their obaervations on light, th417 tound that spalfniD& 
mainly occurred during daylight. Spawning only occurred at night it 
el.ec'trie lights were switched on. Hownar, boa eimi lar obsV"Yatione 
cAaJ.q J'tQ1:lul •l •kr ~t. is the ••' illportaat of the e\i•lii 
atteeU.Dg t.h• ttwdng ot the rh7'lla ot apt.'WIIiaa aad tcrriwrial. ciet-.e 
(llatrid118 aad Gua~IIOA, 19J4). R1a1Dg \-.pllftt\IN dviJI& t.ba dq 
• ...- to llt-t-1•t.e Ua•• u\S:w!Uw ~,.u... ld.t.b epa••na a1Qat.loat 
bu\1 Guatat (1948) fo that, the 1108\ lntfiQa• Jli.ara'Uon $oolt plaoe 
Dec:w•• l6CO hova aDd addntsht a a tiae va• water t-,erat.ure vaa 
t.alHng. H•• tbc-e£ore, OGUidara llgbt-., &lao at1mulat.a the detaaae 
of tarrlt.ori• IUid. the apa.wai.ng but Hlpoi'U"iq inhibit Jli&rat.ioa 1a tbe 
ara;rliDg. Hence_. 1t appeara that d.a1q Chaaga ill water t..-.tve 
ud ligbt ualq pl.q aa aponaat. bat w.!71Ds role tJIOJI apac1• to 
apee1• duJo1aa apawatac. 
All •tt.apt. waa ...te to tDU'iae pt~eaipitatioa J.a nlat.lon to 
ap!MJllng aet.iYit.J'. Ji'or What. readinp ..-. a'f&llable. r.alDfall ehowecl a 
eoaslat.e\ peaiUn relaticta to adult activity tor \he t.wo 74!111ft ctur.t.ac 
aftww par.\oda lNt onq vhe. epawaiag denait.7 vas law. Sandall-. 
loud to relate 1ft a pod.Uye ___.with aet:l'di:f' duriag an ....... 
per1DU but dur1ag lfJ66, oal,7 1a the higb d..S.V ••t1oa. HDw.,..., th1a 
iat.erpretatJ.on f precip1taticm 18 conaiderecl of 11\tle •hae beeaue 
of the low r..qu_.,. in oo'Cnlft"eoe. 
Froa the toreaoiD& CICB•tnaUon of water t.•pa-at.ure, llsbt ad 
preo1p1tation, ~ fiuct\I&Uon 1rl water t.aperat.ure aDd lls)lt appared 
the aoet accountable :tor eome of the dai.q chana• tMt OC0111Ted 1a 
ma:d>ei:"B of t1 ~ the holding pool to tbe epawai.ng ar-... '!he 
degree of relat1onah1p bet.v._ t...,.-at.ure and apawn1ng aet.ivi\7 vas 
aured aa Jt111i.r t.o y r - ph._.e»n whioh 1 d1ttioul.t 
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to aplain. Ve7/7 lit.tl& oaa be postulated on l.:iaht airiae 1t colll4 110t lMt 
recorded objeotJ.....q t.hro\lPOU\ the dq aa -.. wat-er ~llftture siace the 
UO-.aJ'7 U.tr.et-&tiea .. •1i. a'f&ilabl.e. Dae hrthv reeord.ing ot l.1cb' 
lD'-ai$7 vit.h a ap•"•l WldC"W&t.C' p&lo~ plaow ript 1a the charmd 
...W M a•~ w aoatid.rttq rel&\-e tb.b facwr io adult acU:ri.i)T. The 
OOCUI"HDCe fd ra1atall aud aJaOW.t&ll d.\triQg tih two y-.r'B of obafll"'ffl.Uoua 1a 
coae14wc bntt1cict. i.e .nn fora a bJ'pothul.a &boat eith• faotor. 
2. Watrer Pst.lt l1fd V!les3-\l 
Dtlpt.b &ad Yelaai.\7 spawning pretvenc• VG'e ._ined. wi\b apace 
aad t.:lae. 
In 1965, ae&A d.ept.h aDd yeloe1t.y pnterene• tor ta&&ad tbb 
1a seeU• II ware ~ to the aaae pret•.e• tor udag fia 
iD S•U.on W where IIJ*lfldaa deutit7 wu eoa--t. h1&h•· le 
sipiticaat. clitt•eac• waa aea.red Ht.v._ tb• ind:loatiaa pr~er .. e 
-t. haft r 1 tD«l at•S laP 1a botb ar•• d•p;it.e the arld.ns and alisht 
d.ud.\7 dl.tt_.._. (!abl.e XV). Bcauae ot tbis bo.ogeaei\7 1D Ndcl depib 
aDd ftlooit," prefereMw, tb•• ~ gro,._ ot tiah were ooabia«liJ.Ito •• 
chaaael pop11lat.iora in tile tollowiq •am•Uoa of dfiPt.h ud Yel.aoit-7. 
'ftlble n. Veloci~ and 4.-pt.b protc-ancea duri.Dg reekS ctonat.NcUOD, •"-
vat.v flow ot 18 eta., Indian River ChaMill., 196,. 
Seotioa » Ieloci~ ts~h!h Dsth 'tt: = l Rtnel l!!a I S.D. !c.isl Ranae llfH! §aD• t.-t.a~ 
II 2/) o.t-a.l 1.491 0.338 .os O.j-l.J. 0.745 0.214 .os 
(tagg.t} level leyel 
(aon <•• 
sip) aip) 
III ll4 O.s-2.7 1.26) 0.378 0.5-2.1 o.au 0.246 
II &II 134 o.,.a.? 1 • .305 0.)8) o._!i-2.1 o.szt 0 • .241. 
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The aeau and re«tme or vel~ity and depth ;JreteJ"e!'lees duriftc 
redd bu!l.tUng are v,iven tar this COI!\~eita earple in Table XV (Sect1oa 
It and III). !h ... •ravniq rn-eteroncee are OC~Jpered t.o the mdtnJ.remtmta 
ot atter ftloci~y aid dapt.b eonduot.d on Spavntnc ANN Oftfl aDd rtltJ:lt of 
t.he CIMJmel. !he da-. 1e !:)re•nted in l'itt• .313. 
1recr,ume1M correepond cl~ely dHp1t.e tbe tact that aftilability 
established oaly on re&dinfs trom two epmmtne areaa, wbil• 
preferred eua.,... are batled on vater depth and nlocity selectiorte 
rttcorded tor tiab bulldi en all six spawning ar •• Thie oorreapond-
ence or treq\umct•• ta a hrthft" .o: ~ dtoattcm t.h.a\ ttah have d18tributecl 
thet.UJelvee •ttally owr ebaanel w:avnin' ai'Us •klnr. Ml u• ot the 
depth anli ftlGCity ~!11 .. provided. 
In 1966• velocity and d•ptb p'l"'eterencee were ~ed between 
tagged and untaa-4 t1$h separated in SeettODa It and Ilt at 1-..he hip 
epavninr denelty ard th• untagged f'act.ion of the pormlaticm Mp81'8t.ed 
in Seetion IV at the aoh ltght.er densttr. In Seot.i~ II aod III · 
tnolu~w, t1ah apevned at aip!fieantly hi.«her depth anrf Silf,ft1!1cant.11 
lOW&r veleett;r t.hac rtab in Section IV whteb mif:ht !l'ldioate tbat the 
difte:r~:.c~a in _.,.wning de081ty or Nrkins :tn 80l'lle way ir.tluenoed the 
•~l~t1o~ of spawning depth and .. toctty. Table XVI ahcve that vhen 
S.ction II and Seot.lon IJI were eyam1nflld ~MT'an•. ~,.,.,., tap-J'!Wd t1ab In 
Section Il apparentlT spawned at 1pnlfteantly gre9ter ... ., .... ,.!'e and at 
e1gnir1o ntly lover velocities than in S.et1on I!I w~ore no ta~rtng 
oeeu~ detJpite tb~ ..,.., h1trb S'pll'.JnL"'~r deneit.y tn each aa<rtion. At. the 
sam~ ~im41 it wee found t ba\ no airn1f1eant ntrr~ee e~tsted ir. ~­
te~ncea ~•tween biph density Section ~n and 1~ d~sity Seot1on IV wh~ 
bo~h r.rrourus,... unta pa. 'l"bia ~ .. tW!e to elV.inate epaninc dena,.ty •• 
a ~eeible OIIUN at th• dttteNnoe in prefer~ee 1fH1ving marldn,- as the 
pPt• ccm~tderattoa. Rovner, it wtll be T"t~tG&lled that. no s1gntt1oant 
dU'terenoe vae Ntalll~ betveen ~keel and unmarked lote ot f'iab held at 
r4tlatt.e1Y tria110J" lGv dene1tiea !n 19£-S. Renee, there • ..., to be 110 
coneiatt"rrt, aP~t w explain the p~fv41tftCG dUferenoes in 19~ baNd 
Table IY!. Velocity am depth preference• during redd conetl"'tct,lcm at 
vat•r now or lE ate., Indian Ri"''fflr, 1966. 
Section 'Cf!ltcl¥1 . ,,,, •• OWh (tt.) 
t-t.eet. t.-teat 
Moan s,o. .os l•'f'el Mean s.o. .os 1.-.el 
II .~ III 0.99 o,28S 1.2? 0.264 
aigD etgn 
IV 1.16 o.ase lelO 0,182 
II 
(ta~) 0,80 o.Jse l.LS o.Jha 
sip eip 
tn 
(unt.a~) 1.12 0.28S t.n o,gs 
110re attributable t.o certain physical alterations which oecuM"ttd tn the 
channel 'b-ed than to any density or taggtng ditter~noee, This vaa di•coYered 
wt.eo va~ar disehe.l"ge JYJea~enta were carried out before the 19A6 aptnm1q 
son. At th1e ti:ne, it wae revealed that adj\l&tmen\ ot t.he ebaacel 
intAk~ valv• QPeD1ntt t.o Uow ohann~l water level& which, tn 19!-5, Pft 
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1965 -•- Area One 
-o- Area Two 
- ·-
Area Three to Six 
SELECTED DEPTH ( FT·) 
0·5 1·0 I· 5 2·0 
SELECTED DEPTH (FT) 
· f1ab uu.t.ldJ.ni.. r a... , .tlk11&R t:iYea" 
-m1ch ~tlf ch•ns.S Ut• paftl bott.a &a4 bulk ooftl14'1ft.Uoa. i.lrin&iaa 
tM• rl.ow t..,. l).' eta. to 18 •~a. 1a 1966 Jlu _. that. ~· •'-
lnel. or •'-' clept.h ill tba obalwil hu bad 11.o ~· wit.b a oorr~ 
1965. coatal a tur1.tt• Alt..Nt.ion. ~~t,1oual. t.d d~ hu 
OCCUIT.O ~ the edse ~~ Holdlug rool Qne which tt.aa i.neHued d.41p\h UiiS 
).gwtQ"e<t velod.\7 •r• ao tba.t* 1ft o\tAr ...,..". Al.w, to Oaft7 wt tiM 
1966 t::~tll dewli\7 etw11•, an o.-....t..t"a 1 la\ioa tenc• vu ~ 
below 5pe.wniDg l.na '!tofo. At bNt1 a t• laolaU..On t.aoea are e~\ad 
b¥ deciduous 1-.1' tall into th ehaBDel $\. thia t.t&e o! 7u.r1 onat.tas .-
back UJ.; ot 11at..r ~~ a£ tbe t-.. d•p1\e th• GOPt.i.m.loU. ef't'oft of 
one wol"k:_. ~ tb•• larriora. flew.,.., 1111966 aa addJtloaal .fence, 
plws a ~~ high• J'&W ot laf tall dur1.Dc :r.ut e&f*~• Nnlted 
in \lnwnal baOk Up of •'-"• 
wh•• onl7 tbe olNid Dfl -.chiU1'7 att•\ed the flow obam.ct.vut.iee• Wae 
aoleot.ad. wat•r de;.th a.nB Y~ity \'t'OtiJAa war• cloa•t to \hoee tor 196' 
{11e;~. )4., )S). ttowww, iRA,.. Two, t ee ~ lao i«Yolvact ADd the 
l.rofilf!W ditfWCIC111110r widell fro l96!S. nna.~ • .1n r• one )Q!e:r• 
c:l.antn.L .. iaolaUon t.mc: and d.-peni.uc. ot u~- bfld ~ • all ~·-· 
-














































Three to Six 
0 ·5 1·0 1·5 210 2·5 3 ·0 
SELECTED VELOCITY (FP·S·) 
1966 
0 ·5 1·0 1·5 2·0 
SELECTED VELOCITY (FP·S·) 
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prof11 es tor' glna di charge• t'!sh et-lU dlst,r1buted their ndd densitlea 
nm-'iomly t.!lroughou t cr. ..._,. in spt~WQ!Ag .n!ons but. teaded to direct 
the cM~me1 Ia aU Rotiln.. '1'M poeai'ble ormee\ion ot tld• ed~ 
effeet ~ va.t.e.r loe1 t:r and denth preterence va• wwst.igated b;r corc-
pef'lng th#'t d:Uteran<:es in redd ~reterenc within peripheral am central 
oeot1ons rhlr1fle' 19~ and 1966. MeantJ and etaMal"d rrore were ~t.cl 
r~ Sect.t• nt ( n.l. • t.oo) during l.S6S, tor Sect.ion 11 ~ t.u• III (n.:r. 
• 2.16) an1i tor eotlon JV (n.I. • 0.69) t!urms 1966. l'btt Nn~ o~ 
.. 
wttbt.n the ran z ! JSE ldi!cb ta U \uetrated tor each oue. Ae lolll u 
•ovwta_p• u1-. betnen ~ ot cent.NJ. an4 perlpbeftl -D•• ao 
•1~1ri n\ ditterenoe ftlH.II. u, on tbe o._. ._.,DO f>VVlap vu 
n..,tte e dttt••• ta NtW dte\ributioruJ with vld\1l 
'betve• 196S 81l4 19661 ao c!'tbfttta U2 the pattern o-f prete:renoe ia atet-
loeity OP .. ._r depth wu dete~Gd 1n centt-al or 1n peripheral ngtona. 
tn t-,ot.b 1o6S am 1~, 1"e\!d •t.er velooit.y ••terence tfJnded to ~ ht.gMr 
at to: tl"\\t thea alGD the bentte v1'li le Nt1d vatv 6ept-b preterenoe •• 
bS(":hetlt t.o the o nv 111\d left por1'Dher-y. How•nr, 8igalftoant._ dlt'f-
ercm e for COft" enondiftg width int.enala between MOtion• and b.-.. 
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~LEFT HAND PERIPHERY 
c:::=l CENTRE 
I!2'ZJ RIGHT HAND PERIPHERY 
1.40 1.50 
Fig. 36. Comparison or anaual selections ot water Telocitr and water depth within peripheral and central segments 
ot channel, Indian River Channel, 1965, 1966. 
_J 
bank ot Secrt.icm ll pl.ua m to:r 1966 ~ \o the rip'\ bank e>t 
S&ot.1on IV bl7 t.he qme ;ear or S.ot.ion III tor l96S. fV' ~. 
aepth pre.teftftOee i.n 1966 ia aJJ. 14c1th intenala of &lct.iou n plu 
Ill and s.tctr.loD IV wen aleu]¥ aipiftoutll' b1gher \han t.noee 1a 
Sec~n III tor 196S. 
From \116 vary clo assoo.iatioD cie~natrat.ed in availabl..o &JUl 
prete~nce curve• or l96S (Pig. 33) and !"rom the uind.l.arit..Y in ~ aanual 
red 41st.ri.out..i.on81 it. is uelieved that. tlU~~ ·apawt'.in& prel'eNnce 1n 1966 
a.1. ol.ose.l¥ .l'ollowad. t.h8 avaU ahl pro.ru~e pft7&J.4.U, alwrea b7 
;nachinetr.Y alii fences abd 'tobat t.he incrvasec:l «ept.b preterenc» ill 1966 
._. due more to t.heee alterations than to atf1 changes occurring !rom 
~n.g <Htnei t..Y, ~ or bank vegetation cover. 11d.a pbeftOJJenon ot 
ga-eat.er charu'lel water <lep~ aws laoillt7 and l"8dd choice along tbe banka 
When exam.infld 1A l"tllaUon t.o the 1-0S.i. tioaJ..n& of t.errit.or'i'-'8 bJ Oiiawnina 
pairs provide• a ~nable eJql.lanatJ..an .tor uae- t4$)lar inqueJ'lC7 ot redcls 
al.ofta the banka. 1n m&rg:j, nel J.oc tiou, •aibera of J;airs OOC\tp.Yil\g their 
characteri•Uc terr itorial positiona {i.e. te.-le adjacent one batJt and 
• ctown&t.reara arc i at.l'eam to nvr) were attorclect gl"t)at.er water depth 
1ft all nct.iona and t.nua IIDI'1l wrUoal and horizontal apace ror t~~.awrd.nc 
neJ~.t t.he adJacent bank• \han before. Tbia t.end.ecl to allow soae apawnl 
pairs to steve t.heizo tor.i\ori.ea laOI"*SO fru;a t.ho GenWOc:l closer to OIW 
.:ba.Dnel Qank whiob ~atJ.J I"Oduced ti'wl torritorial. "'Xi-aaH on the i.Debore 
!::ii.de of t.'le reata. 
t'Jle "first choice .. ot '!elocit.;y and depth waa reeorctfilci tor ~aob 
apa:wrJ.ng area ard ooaparec to t..i1tt , ar.a tor ~ tir•t \.«<n redd.s bl.dJ.t on 
100 
areas (fable !trit). Th:lrlnr. 1915, i-,!'J c first t'"1&h to r.patm in eaeh Fpal<lfttn 
usually cbo~e a si~• with e::reate-r depth arrl grutcr nlooitiy than 
the -.n ot tbe fu-st ten preferences in the eame area. JlowOYer, in 
1966, the :relat.loub1p vaa not ae conaistent. Spa.min« Afta One ch1b1 ted 
a si.mil.&l- t:recc1 1a eholee data to 196$ but \be r.aiftitlg areee abowed 
a tr~ t.endeney tor the t lrst. r-.:ld ehoice on o artM. tl'l have a loweta 
water veloelt,y and/fll' vat.er ctepth readil'ti t.ha:a tbe mdn of ~he tiret 
tan preferaonoe on t.he eaae area. 
Oe;>tb and nloe1ty means fo'f' the tirst eevctn daytJ ot chanMl 
epawning vere ttl e~red t.o the ucceeding tourtee~ daya. 
consi stent rela'!.1cmeh1p could be estn.~· lished v1th1n ,.are or hetwecm 
years wl ~.h thia treatmmt ot the data. 
nepth and veloci\y preferences tor both 17AS and 19~~ ~ also 
examined in quad.rat.a vitJi different i.ate~l rt!Mld denatt.tee. Again, ao 
.antn~l trcmdtf 01" relationahipa were ea\ablilh~ "tween vat.er depth 
or vner velOCity preterenctte and redd dene1t.y eate,.ort•e ex18ting in 
quadrat.•• 
Al though anUable d~ptb and velooity protil ~• vera fto\ 
collected in 1966, tl"QM the very oloee aaaoc1at1one demcm;,trated in 
aft1l•ble and. preter.,nce ourvea or 196$ (Fia. 31) am from tbe aimilarl\1' 
1n theo annual Hdd dl8\r1b\1.\1one, it. •• • reuouble to aaeu~• that 
epavntng ~ t'eft.nce tn 1966 1\l . closely followed the &Yail.able ,rof11ea 
phJ'Si~Uy altAtred by tbe g:Nftl beft"OV!ng _.obineJT and. the fences. 
'rb ... !M8t pleuoi le explanat.ioo for the building or redda !YI()r8 frequently 
alon~r tioDS of enamel ban 1n 19M seeu t.o lie vith the l'hYBical 
chanrt's whteh !"creased the vat~r depth t.nere. It also appeere that 
fat)le XVII. r...ator welooit.J bM wat.or 4ep\b preference ot the fUGt:. r«ld l4oatod on •eb apa:ND 
.-~red to tb• tor tho f1rat. \ r..:kls built. on each epe.vn.ina ar 
Channel. 196 5' 1 <J66. 
,X.laRi 
!tar 1\7 5pawn1Dg Velee1_, choioe t.p.a. Depth el&ol (ft.) Ana 
lJIU reM, lirmt. 10 rstft· f1£tt r'dd1 Dn\ 10 f!C!?p. 
l96S Lmt, &11 l 0.91 l.SO 1.00 o.fll 
0 
2 a.or. 1.38 0.60 0.68 
3 1.?? 1.), 0.90 o:n 
,. 1.44 l.Cfl ... 90 v. ·. o.Sl 
' 
0.66 1.)8 1.10 0.79 
6 1.16 0.99 l • .)J. 1.01 
A ""'I• 1:.35 I.ii 0.9'1 0.?9 
1966 High 1 0.81 0.78 2.00 1.].9 
ffigb 2 0.91 l.Ol 1.00 1.20 
lDw 3 1.21 1.10 0.80 1.09 
~ 4 1.17 1.29 1.20 1.14 
.., 5 1.2, 1.22 1.00 1.00 
1ov 6 0.77 0.98 1.00 1.10 
AYerag8 1.02 1.02 1.17 1.12 
Ule wat-er depth am voloc;1t7 ngif.wat avUlable in l96' w4JN as O;;»t1-MJ tor 
obanul apaMlina ae th• &1\.-.d protU• of 1966 o1nce t.h• diatnbation 
1A both :eare rndned. Nndola and uncl'WDpflld 4lld8Jit ter ,\r• Four- 1o 196.$. 
Au~ • .A.Uant.ic nl** 4\lal\ uldW.t .- v14• opt.hal pret•eno• 
rua• ill tnelr cmoic• at eJ."}liiOlng arouad, bu' it 1a tloub\tul 1t ,., 
p!lrt,icuJ.ar maer...cal velocit)r ~ depth r&ng• l.J1og within the a&l'TOW 
1"8J~~gtl8 deai~n.S into the cbcmnol can be coneid.-.cl u mor• id-.1 tftr 
iua valve op~. 
A ..t.abl.e ett.ct. oD \he 1965 apavnia\g di.ei.r1but.1on not ..a\iofted 
tbu ta:r vae df.aoovved b oonneotion wit.h the )0 pe:raeablc ecg aoat.ai.neh 
ph.ctld in the~ &pawni»& gJ"aYel to cbeok oa ege ~ dneloj:maa\ 
and aunival oY•r the t:in\9r. l.ithiA a 2 to U ~~ period tollDwiftg 
tbeir burial (a'Mfta- U... 4.J clqe ) 1 23 ot the 30 btr.uket.a bad reclde 
aonaV\lct.ed on t.b~ ~t.reaa i»rchtra. FOr t.ht' .. qU&rt;ore ot the •a 
planU to be a•eoc1aW with redda 1n this •aMI" ••· •1&1..1¥ at, CJUCb 
a low channel apa~ d.uti.\l', wao cons14•red Mre than a chanGe 
occw-rence. iieno•• it. was aecidod to inY...U,at.a thia ph...a·mon tuzoth• 
d~ th.s 1966 spaWJliD& ••son. 
Stua.n, (l9SJ, l9Sf.) na. conduc'ed r .. ea.roh on water cu.nenta 
tlu"ou.gb ~vel in rolaUon tc ~pa~miD£ br'otau t.rou.t (!iflm !e£u»a). 
H• ha • found btY subsurft:tc. IltlnOJHter studioa 1o aa experimental pool 
that the etroD£..-t current through &rbTel ocot\1"£ adjacat. to the apu 
of a grevel aoW&Cl. In ~ 11 · &rfi\t.o tank ercperirtents witll mature 
•Jawning pairs ot' bro).fn tl'out. hc:t round th eelw:tad ar s .tor nes\ 
build~ jUt .,aw.aa ,_ the apex ot the crawl 110\Uld ., the ~1ft\ 
td st.~ eubaurtace ftaw. He has further demonetzoa\ed the ooeun-ecc 
ot art.rcmg d-..rd current,a 1ft th1a apteal N«ion ot the redd by the 
11M ot d7't it~tU•t.cn. In __,tntng the ait" of Imian rtiftl' etl plante, 
lt ,.. I!Otecl t.hat the llpftftUtt. bed in t':ront of the plaD\a •• not lewl 
but sli@ht.lt rounded vS.tJ\ a tonrat'd elo.,. projecting upstNM frcn the 
egg plant - tl'ta &I'M 1D which new redde were begun. P.ased 1)!1 Ule .. 
tiftd!rtr-1 a hypGt.h .. ie nolftld that an area ot .axi!NII subten-aneen 
CUP!"tmt waa created by t.he exoawt 1ona ot ea plant.e which were oreterz ed 
by Atlantio sallloft epawnepa owr other areaa vtt.bout t.heee tcmaaticme. 
Ob"rioualy• tb~ beet way to t.eat. \bta hJPOt~eeie vould be to 
etudy t.ne w1oc1t.t of abaurt•oe ctn•reftta. Mow.._.,., tnc1De neb 
eurrenta by teehniqun nailable requil"ea apeqte11stN! field equip!Mm\ 
and • hyd:raulle teat. n tar ealtbration ot tb1• equlpli!Ut (Ou.,.ark 
and 'Bakkala1 19S J 1'~1 19S8 I Wtatet, 1~1&). !hie -~ 
of -~ge .. te 08D thertlby lMiceute complicated, requiring ateneiw 
88'11pling pPOOeduree and ,..at expenae. On the other hqd, Cbambera- .!1 
al (19SS) found t.llat subterranean water drawn from the forward alope 
-
nrotile ot a redd held more diaaotved .,,,pa than HJ'!'plea trom other 
parts ot ttt• redd, ~ flraoa tt. abe locaticm prior to •'Davni.nr, t1r tra. 
undiattlr"bed grawl beside tbe redd. Re aleo round that the amowst of 
dieaelYed ~ proereeainly decreased •• water vae drawn trom deeper 
in the rravel bot.b in Sp4lWaed and unapaVtl au,... FurtheJ~"mtJra, Coble 
(19f.l) 1n RhiDin« t.he relationship b tween d1saollrad oxygen and apparent 
ftloe lty 1ft a streulb f'otmd that when veloc1 tie• vere low, oxygen 
cone~ntrati • were expected to be low, and when they vere hilher, ox:r.-n 
1 le wen upeated to he btehw. 11\e • •• or myogen 14itftl.e and d:'l'te 
au fn<li ton ot ~mbenrtao. veloettr and OlJJI"Nnta in euoh a eUMinatt.OD 
u thts wee thw efor ooutdeJI'ed the next ban alternative to _.eurtq 
The Palred Carll)llt'i~on• Ten ueed to ••••• the reUabiltty 
or reat11ng oxygen l.eYrl& diNetly "lith tb., ox~ . etn rrobe inaert.ed 
!n the pir- rath~ than by rer-onng e water ebb)le tor .,od:ttt.ed Winkler 
Araallysia (Table XVIJI) did not indtoete a aign1tioant. clU'te~nee between 
the amltaDeOUs rMtiinga initially t.e~ (0.1 p o.6). H•noe, the oxygea 
Mter, att.er th1a -or Umtnary eoapa,.ieon, waa uftd uelueiftl? tor t.he 
d\rNtion of the at.udy t.o M&au.N oxypn oonteftt. wt thin t.bflt atandpipee. 
~37 UlaRntea th~ reeulte of ayat.-t.ta oxypra .uplina 
1ft tbe a;AWJtlne ...... or the ehal\nel tor. thn...ay period before, aft4 
a fl~ay -period af\ep tb• au plants wen lnetau.ct. Oxrrtm reatUnlll 
of t.u ~1 o• ocmtnl pi.,.• r_. eeeh croaa •ct.ie vere plotted alona 
vtth th• natty vater tflftpera\ure Hat"tlnc•• OM plot.t.ins or daily vat_. 
t pere.tuN va~t atn.etent. tor all ci"Oaa eeetlone atnoe tMperat.ure 
rM*inflld constant 11bether reading p1JH• aseoola\ed v1tb en 'Plante rn-
read1~ r'iPM aoti~ •• eontPOl•• '1enel"al1y, the unitor e\aftdptpe 
J"Mdincs ven very •1•1181'" t.o t.he three atan~p1pe readtn«~t for a nar-
t1cular croae eectioc both before an<! attar tbe inat.allatton ot tbe qg 
p"t. nts, d1scred1t1ng t~ hypothHis that egg J)lant.s (ae 1n~H.•t.d by 
1nt.rar,TAvel OXY18ft) ""'" C!"Mt1ng stronger e•;beul"laoe curr"ents in tbe 
apical area of tbe JXNnd thaD existed at t.b" same location without the 
!IIOUnd. Only 111 croH .. ctton ~,oo were. tbon notable dittermc•• in t.he 
~i readt..,~. Here, t.he tm n rud1ny.e ot pi'P• aeeoctated vitb 
pl nting ".ttWn c~ to the :r -dings 1a the oout.Jool ptpea uhibtted 
sig't)i!"tc4aot dU'tereno • foll.o'>: tAr ea pl.attt.inl aceord1ng to· ~· Paired 
~isou feat. !oweftr, looldnv. to other oro•• not1ona toUawS., 
olanttn.g, 1' peared _. tide dtttenmM - *• 1IOl'W to 111'Jtlen•lly 1• 
Table rnn. SjJmlkft.oas OX11Jeft deteJI'Idnattcma uatq \he Modified 
Wiekler analysis and t.be o:rreert ter - Indian RtYW 
Spawning Channel, 1966. 
Standpl Orfi%on de\end .. natic P . P.m. 
tiwabeJt Puns •tar pl'Mittms Winttor 
1 ll.t. u.s 
J 12.l 12.4 
s 10.!& 10.2 
6 u.s u.s 
8 u.6 11.7 
tk 10.4 
'·' n 11.1 u.a 
ll 11.) 12.k 
32 u.e 11.? 
Jl u.6 u.s 
)8 11 • .S u.s 
oxygen levela 1 the control pi-pe than t.o exceptteally high Olfygen readtap 
1n the th7ee plant p1f18•• I\ rill also be Aotect 1n all crou aeettona 
ti'-~t the?e waa \rend to inc:rease in oxygen of atabduipe• aasoo1at.ed 
with ea;. plan\a ••: cially af'ter theiJ" installation. Howw.er1 there vee 
a ablailar ln~ 1n the oxnren levele of con~rol pi pea v1 thin aaeh 
eeot.ton. 
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~ .. OX¥&• aawntion aDd water tea .. era.ture with t.ime wu obviOWJJ. 
Good W.uet; t.iou ot t.hi• are oroes s•t1onat 0 + 200, 0 + 300, 0 + 400, 
aDd 0 + 600) U1 1'"4mlAiniD& croaa setioD::J w-ere also asseciatc ill thu 
w.7 ucopt tor t• or t.h~ pointe in eac:b aeri• .. Water t_,wa\are 
probabq accotat.a tor a l&rse proportJ.on ot tbe t.•pohl variatioa. 
Reno , it. would au>ear that. DO t of the lon.t~ \erm iner••• 1o dieeol'Nd 
oqgen ie pl"'bablT as~ei&ted liDS"& with dechas1n& wat.er ~t.UI'U 
tJum w1 tb J.mJta]l i ne test plants. 
It 8hould also be notod that. coat.rary to t.h• tind~e ot 
Cbarabera' a 11. (1955), dieaolved oxyg•n lnGla for ditter•t. pane ot 
obannel J"edda (Taul. Z:U} did not var; in the llalmf'r h~ found. hrt.h_..,. 
IICII'"e, thea• 'l&l"iat.ions were not dtt\cec~ in na\ural spe.wn1D& ares ot 
Ibdiaa F..l-.er bat eome nidancG of vertical gl'adient ln exygen eontsm\ 
vaa det.-M\ed b undisturbed challnel area bjr iner sing tha l!lUbaurfaoe 
eaarllng dept»~ (Table XX). f<..i~:JIIOlved oxygen. to 10 inches bed dop\h 
lllus~t.ed DO not.ebl ch&ll.£• but. at lb inches,. two Tflt7 lDw ~~AP ot 
3.2 and J.) pta w..- r~rchtd durinu t.he :tint t.~ drqt~ of daiq e\udpipe 
napllng. '!beraa!\er', the ~gon eontont. ct Allple• iracr•std mrkettl7 
tmt. r-.1Md 0.6 t.o 1.2 ppa bel~ t.he VJU.uea for siaRil~,iroe pkc.U in 
tile bed at. • ~low- depths . n. itJ considered t.hat the a\andpipe 
drivvn. to a IIIMD d-rt.b Gf 16• }*eaed throuat& the screened gnyel layv 
plaeed in tb• oham!U ard penet.r.ted an underl11l'lg la)rer ooapcHJed ot 
1... p eable material. It ia fUrther aueg•t.tid that a sed1aa1eal 
d1et.urb8uo• am/or current. erosion haa occurred ~>dJ cent the etandpil-•• 
r-ault.ing 1D an 1Dt rchang bcat.wetJn water ot theso C.~ ~4ire •f'kr the 
tirat 48 hour• ot aaq..:l1ft4• 1\te \llJWell1ng ol eubtC'J'&neaan vat 1a 
Table XIX. Oxnen lffnlA wltb1a 41tfennt retiona of r de t1f' disturbed ..-ntng ayea, or OMDm 
river a\ •eaa s ling depth $.S inehee • Indian River. 
1966. 
QlaDil a, ... 
n t Water &edd .. ,. !!a4 tt;sa £E!!tm-btd Rtt\1 •t• Te~. 




T•Un&n Ora.el Apg m!!l 
Oct.. ?7 liO ll.S u.s ll.S n.s u.s u.s ll.S u.s 
23 39 11.6 11.8 11.8 U.6 '11.8 11.6 11.1 U.8 
29 )7 12.) 12.3 12.3 12.) 1!.) 1?.) 12.3 lt.) 
table xx. Ory~SD le"Wte with depth 1D 8¥*mtQ8 bed~ Indian River Chai'W!l, 1966. 
• lea ln,JSa• D ;r&ll · D.ete wa~ Te10• r Above 'bed Below Bed 
s.s- )Cf t§• 
Oot. 2S .36 11.8 ll.S 11. 3.2 
26 u 11.8 u.s UJ& 3.) 
bO ll.S ll.S n.s 10.9 
39 11.8 11.8 11.6 10.9 
37 12.3 12.3 12.3 U.l 
& 
/ 
p~Q'alcal.l¥ iaprobable due to the lAnt }-·orviouneaa ol t.h subst.nu z:...l.ow 
th• ch&DDel &ft'Tel. 
The OJqga read1Jlca t.aku in tbe cbann~ gravel 1ndice\.e that. 
pe"Cola.tion ot wat.r du.r~ ~pawn!~ at the ~ egg pit. depth or s.s 1acih• 
(Fie. 17) is pl'Ob&bq quito ad uat• for egg incubation since ~ 
oaq occatdonalq dropped below 10 PfJ£1\• Howner 1 o:Jt:1 gon of subeurte.ce 
•"'" at 5.5 inch" newr did reacb tull aaturation but na1th•r did water 
abc•• surlace. For bot.h strata, a.at,uration raage4 from 91 per eea\ at. 
the laweat wa~.- \apfihWI"• recortifid or Y1°F to 84 per cent- ii.t. the hi&h-.\ 
0 
•t.er t~-..ratw-• o£ 45-S r. ~gen droppecl Yer'¥ a16ftil1cantl.J' to 24 .ad 
a, p4l" cwt .a\uration at 1.6 1rv:hea bed d.~~pt.b durlng t.be tint \wo dqa 
ot ae~~pling t.bls at.l'&t.a wbWl watw t-.porat~ were :>t/'r aDd 4,1.01. 1b1a 
M»uld. indicak \hat due to t.he Ver)f poor pol"lleabilit.¥ • water at l6 "'"'b• 
eu•urtace dept.h wat. be subJect to tair~T 8\eraai.Ye at-s,naUon. What..._. 
the caume of tbe panial •t.uratiCNla at s\U"'.Cao• and at ea <lt~J;\h, it ia 
apparent. t.ba\ \he ettect 1a quite con:siet.ent with ~vakn, •o• aDd 
till• (Flg. 37) • 
.Altbov.gb the o;qsen saapling proaraa did not., tor the ••' par\1 
aappor\ the t1adi.nga ot Chambers or Y.icknt within dif'ter~ sJ.&tial aDd 
ftl't.ical locat10D3 ot t,be rodd or within unaia\l&Fbed apawning gl'fniDd 1D 
v 1 COIIlJ:.OsitJ.on wae scrOGed or U.r tin• 
uo 
pewous ~red to at. mentioned in t.he 11t.erat.""• -~/ icket.t ~19543~·at Nile 
Cl"eek rt~orts billtiea which allowed biB atandpipea, ttor pwnpt.na 
ott, to rettU att&J" 2 to }, mt.nutea. Such tb:ed t.rtalJ ,.._. newr 
conducted 1n tbe cbam.l or Indian H1ver1 be\ it ia c01laldere4 t.hat. 
channel or r:lwr lt\anetpipee .following naouat.1on :r .... ttlled much cocmer t.ua 
thie, nsually wt thin a period of )0 to 60 eecc:Jds. After 61'1pt;ring a p1pe1 
it ~ a f"ou.nd Ulat at t uswal Am11n~r d pt.h cf S.~ incbest cne cCNld 
pa.mp a f'!-1rther- stroke ot va\er fl>aa the p-ipe v1th1n a tw POcmda. 
Tl',e 11s:e cf d,.,_ rather than ovygen u an irtdicator ot aubeurtace 
eurrE>nt patterns t.hro\lp teet tJt.nt mound.a and Nelda was ~:re itltOJ"ffe\1w. 
Placing th~ ~tlaaa t.ube tip on the gravel bed Rrtece J"eault.ed 1n t-he dJ"'• 
d1aappear1nr 1 nto tbe upat.reaa: race ot the mound but reappoarinr at the lOW'eJ" 
pa!"t of th~ d«m~ face of the ~ound within f'ift to \el'J HOoMIJ tt-. 
?lacing th~ t.ube tip at the base or t.be plant. resulted in e dye olotad and 
circulation •• hown it1 Fig. 38. A redd •• eDatined in a tt1a1lar faahioa. 
in th~ Bble obsarvat1on - at the plant mound ('ia. l7). The d,. die-
appeared into the grt~ftl and ruppeared in f'ive to tea •econda 1ft the uu-
ep111 rP.~ion ot the redd. Thi• ~benomenon ... alec v1\neaee6 inter.ittentlr 
it ~hfll tube ip vaa el.-tad about 1 to~ inebee aboft the epavnine IJ'&'ftl 
1ll•;atrat.tng that a urked attract..iOf.t into Ndd. gravel exists adjae.nt tbe 
apex. fl ~"Bver, U' the tip w&~J rai ed a ove about t.vo inc..,crs, then a ewtf\ 
hori~ ": 1 ourrer.t ov-er the redd carried th dye rlcvnetreu: past the a-pa. 
P1ee1n~ t~ ~ tt~ nto the pot. or eT.eavat1on or tb~ redd re ult•d ir. the 
cloud ff.-.et an· en cr.td~r aa hovn in Fir,. 39. 9tu-ner (lS"Sl) and Hohba _(1948) 
oba n ed 11 cim11 tt henom non in t..hc-ir •xaminatioo or ?a !'ific lmem and 
Ul 
tll"'f:nm Voa reclda in y. apalillinti a.r vithin th ~1.a ous d1ci ao\ aote 
aD7 dowftward attt.ract.ioa throqb th.• Ndd. 
~ 1966, oaq !~ •l \he Z1 eg plant.. 1M1&l..l.ed 1a ~~ 
a..UOU lad hClcle a~kohed \o their upa..,._. io.._. wi'hill a 1 to 9 
da7 period tol.lDw1D& tbeJZ bunal (afthp U.. 4.5 dq•)• !b1e 
~ftb a 8\lb8\ut.i&l ciecnu• 1ft ~ plllr.tt &e11001a'Uer&a Oftl' 
1965· 'lhH lower tnQutme7 or redd plae .. t. is aainq ai;V'ibuted. \o 
int.wferec.s caue.t tv tbe Olcy'gen ._pli.n£ •equeo:e. For fi•• da7a 
&ft. the ~t; r.;J.&nt.e _,.. iutalJ.ed (!"ig. l-7) \he standpipes OOOUJ·J.ed 
\be apical areao ot t.h• •\Die aDd ~~ oost.ruot.Qd .,_Wilini 1ft tbe 
adjacent. upa\nall bell. Walking dail.J oo\o taw• sit• tor fiX7a• 
detiR"'Ain&Uoxm ~- ~~so t-.ave ca.us«l some intrert..-.ne• to sr;almi.n& • 
. Ill NVoJtPeGt., ~l.tbo\l&f:l suiNJurtae• OX7&• wn J'ICt a Yal1cl 
jpd1oatoJ> of tlow CJODditiou 1n •u plaat. •uad• or cmaanttl and rivw 
Ndtl8, Ul• geHI'B.l tqdftulic ooadSt.iona ol tb••• evue~• 1D th• •U.. 
'*l were outl.iaed uiag t. di.tterem. tfl'•• 101' the Mat. pa.rt, Stla:rt'e 
tlUM .o .... uoaa • to appq in lla.tve er at leaa\ in \he chaMtll. 
envi.rouuen\. lienee, the ~i.t• .t"tteJ.e Ju\Uiod 1n ,roat.ulat.Lit(£ that . u 
ana of s~ ovreat does Gist lD t:ron\ ot the qc pl.ant.a which 
u prel'el"'Nd b,r At.lantio ul110n •••wnere o,_. ot.hor ••• d.noid of th•• 
or ahlthJ> tonaUcme. 
To a large utct., t.hia ~ins vt17 redds dev-elop b7 tl1o ~t.\era 
th ao. F ea oriatt. tbe1r digging and 9Y8"-'n.i.Jts a~ t.o t.be 
suba'urhoe tJ.ow btiov tb• apex of preYiolul <li&i,ia.&• 'lh"'' ted a.lwa.ya 
to ~in tunher 1nt31"811cn\ '*J'et.rewa to the aol.lM whotl'• er t.hie prtt'f1o11S 
tti& ~ing t-loage to t.b teaal• pr~••nU¥ d &;in.; or wth)\h it. belong• to 
- ;. Jr-. 
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- -- --· 
)T06" INTO GRAVEL 11 ·5 P·P·M· TO 12 ·3 
10" INTO GRAVEL II· 5 P·P·M · TO 12· 3 P· P·M· 
INTO GRAVEL 3·2 P- P-M· TO 11·1 P-P·M · 
CONTROL STANDPIPE · 
""""'---- 5 TO 6" INTO GRAVEL 
9 TO 12· 3 P·P·M· 
,._--STANDPIPE INTO REDO 
INTO GRAVEL 
11·5 P· P M· TO 12 ·3 P· P·M 
aDDtber f..:L• vhiob a•NJoaed it. tAUCb ea.rli•r• '111• motmd, beoa\u.s• ot 
ita o~t. qualltlea, ao\8 as a aMmnhza to nn\ bdldiq. 
U the relaUoaehlp 1e as eia~c aa thia, 1$ would leo be 
n.IJOGbhle &o a••- tha~ Ml"DD in an mY!ro.-t. vh.,.. bottioa .wtpe 1a 
coat&nt., ud ,.vti -.1rlta1ned 1-)el".ttaffable d'Ue \o per1o41c ·~ aad 
anmaJ. h~in~, would utJ.Uz.• aror •Wid to~~~~&tion in Ulo w;baDMl "*' 
tboae cnated in conatruot,iag trt&l or tal.o• redda. Sl:ch reclda are 
fl"ttquent.q bu1.1.lt in the ct-.a.anel uv t.o 4 or S wuke btttol'd the t.tg1mdng 
or actual epa:wntae. Th.., 4N s.U in u. (~ lU~J tMa o.s aqQU'e 
JU"Cla-), cont.a.ia no egsa UiQ are b\lilt otfl.)· aJ"OUftf.t the peripheries ot 
bold.ing pool..~. 'Dio di8\r1buU.on of 15? of thu• tc.lH ~· plaoed lD 
\he ol:'.a..Y\O.el b7 80 females in 196J, Wlt.!i com-pared t.o thti c!ist.rilNtion or ., 
true r.ada placed 1n the ohunel tv this e.o p...m, 1n later wHka. 
Rowwer, llll'IWada ot oaq a.1x ot the trial r«tda were aaaocat.ed wi\h aix 
of tbe true redde. 1he Vial l"edda 'WW aggrege.t.ed about holding }:40la 
while \he true ncfda W8l"tt diatricut.ed r~ ovw .U... •pa~ 
U.th aeca • tala• nckle have o~ mtaor aoUftll11 it. •7 be \bat. tb• 
eydr.nu.ie c:oacU tioD~J nee..., to at.t.rect spawnlna fi.eh &ro not proT.tcled 
bJ tiles• minor lolph•vala ~ the apawll.i.q bed. 
It• Rock ~!in 
It. will ~ r.oal.led \hat. "etaager«l" a.nd "V ohay•• rock w.Ua woe 
teet in tho ch&nnu 1D 1965. 'l'be o~ redd aagre~.&tion ctet.ect.ed oo 
a beda vi: l l 'oitusoD e:.nd Neaa\ive 0011ial anal.yoi& l!lll~~.e on 5pawn1Jtc 
A ur where on V-eha~ weir waa loaat<Ml. / ccording to b i·o1aeoa 
analysis• oth_. :Ji- 11o1~ ar a ha..<i rancbl'!l redo distriwt.ione indioatin& 
t.bat sta. ered wo1ro or o\b•r v-stta~ woir'e wer• mt aaeoc1at,e4 lri1Ul azv 
at. naiv-e t'ed olurttpi.As• 
Diholvad OJqgea radt.ll&J' ue preaef.ud 1n Table n.r tor thr• 
et.a4pip-ee place at the two erose aeot.ions adjacent. ~· V-ahaped wc.r. 
lo not~b~e ditf•enc• a.-e ttbowa in dit\aolved o;x;;,-1• fNJR pipe to y.i~ 
wi~in either c_ross aect.!on or b«rtwea the erose sections~ 11Kiieat.ill& 
th• weir has aot. d&nilieant.~ moditiod tho c:JcygVA l.Gvel.s 'Uu'o1oigb Yddt.h 
or le~~ of tha r gion ot tile ehann l. Sin4e Coblo•s (1961) ralaUon-
&hip bet.wtNQ dieaolvea oqeen and appuoont vclocit.J in & atraaabed 
ctD• not s 
ewtac• current. sya\es aoro~• or alonJ tbe eba.nDol within this :roi{ioA 
ot t.ht:. Md. 
1-g. 40 indicake t.he cl)an.a~s t.lvxt. oocvred in w. '\01> velocit.t 
6Dd W4t.w defth ~" t.he tl ~ oro$& eec'tii#l'tl$ adja.cent t.ht~~ woir. It. Ct£.n be 
&MD that b4ttorv th owtir waa 1Dst.all«t. veloe1t¥ ~:u¥1 deptb Got. p(t.l"t.aular 
._ot.nt.a w_.• tairq sS.mi l~;r in all t.hl"M ercee c.t.iOD.$. Ia tbe Ufpenoat, 
CJ"Osa seoUoa, it 1# a.ppal"faal"\ \bat wh.n Uue wtir va• Wi~t, wloe1t.Y 
deer sect, dtJt.t.h increased &nd che..nnel uid.th increased. A'& '-'+'1211 tb• 
t-rqence of the llrair 1 ~ muth did not Glt.er vel.ocitt gra.t.q bu\ ues;-th 
1ne:renaed O'hr t.he pr vious ro~iwe and channel width was Q'IU'tl\.iltM! 
d\&• to the yreoence oE the $1d• or tb• weir. ~t the lower croaa aHti.on. 
an · bnonuJ. change in yel.oo1- oce.urr b41cawa• ot 11 ~were flew const.ricU.OU 
at tb veil" oritic• but d~-·t.h was quite .s!JrJ.laro t.o tho prof11 which 
occUITt:>d before t.bo weir wa.a inat.alled. 
It. tpp t..n then t.bat 'lflut.6t" V11locit7 hnd d~th a.oova tha np-.-1l.t.Dc 
bed n.:\Ye bftll :...l,er~ hy t.ho }<·r~eule~ ot thi::~ weir.. }!!Oift ver1 t.ht~ area 
TablA U.I. Ox3a• reed • in t't!IO croea aecUona, one •uijacent. to l.l.11d 
• \IJ'S\naa fJ'C weir • .tnd.1t.ll IU.nr Channel, 1966. 
D&.tA l6ilSI1 •• ~·tr E·~·m• fU!!I !Ia!! we&£ li'•L1:m• 
!!• 1 No.2 
•· 3 
!o. l l!o· 2 ., 
Oe\. 20 11.8 u., u.s 11.8 u., u.s 
Qct,, 21 10.4 10.4 
'·' 
10.4 10.4 10.4 
Oct.. 22 ll.4 11.4 U.4 U.Jt, 10.8 11.4 
Oct.. 25 u.s u.s 11.8 u. u.s U.4 
Oct.. 26 U.4 u.s U.4 U.4 u. 11.4 
()c\., Z1 u.s u.s u., u.s 11.5 u., 
oct.. 28 ll.6 u.6 U.6 U.6 u.6 1.1.6 
Oct.. ~ 12 • .3 12.3 12.3 12.3 12.3 12.) 
of tbo eha~tt~el l.y1Ag wittd.a the vic:U.tdey ot th-t~~ croas sectieftct eon\ained 
onq one-t.h!rd of \he r«lde tnlBpeet.ed. of .,.3&}Peglil.t.irJs in 196' wi\h the 
l&rgeat cluapl.ng qing aft add!Uooal '' teet. ~v .. .f'rom t.h• upperzaoat 
eroa aoc~ioa ill Fi.s• 4 0 in a r~iora wb.,.. the effect.& or tlb• weir' a 
~rea&nce on t.er veloc:1t.)' &ftd dert.h had alraon di.u.ppeared. FiTe redda 
OOCN! ied lliC#\ ot the epawrt1n,; area vitbill th• confines of the rook weir tmU. 
weotA<l o Spavn:lng Ar• St& which alao occupied auch of g.round vi t.biD 
~·weir. None of t.hia orowdin,~ was anen.aive tmou~ to be irJiicat.ed 
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DISTANCE FROM RIGHT BANK ( FT) 
Fie· UJ. Colq«rJ. •t •t,er dept.h ~ t.Dd ntw Yfllocit.J J:l"U.fllos wtor• (-·-) 
aDd alt.~ ( --<>-) ins ··t.iun of rock Wi , s~ . 
Fow 1 tdver 4.;;· Q;&jr~m~., 
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converges was aot.4ble in all t.bree rock w•in a.t, IwUan H1Yer Channel 
as v~ t.he gradieart. ot cn1rnd. (11g. 4 o). l'Urth...,,. •• Whit. aleo 
built c~al v-aila}<Gd ban out ut st.oae Ye'17 eirdlal- in contigura\ion 
i.e t.ho onea built. in I!idtan R1v«r CNJ.nMl with spu~ bode bull\ ine14•• 
The tara t.-.dlld to cr \e th• c:urr.nt eond1UDM aeat.loned aboTe. r.,. laoa 
were found to J:.'re!or tl: teae ~}•red ::rit.ea tor Wf&wning oVGil" ourround.inc 
co-..act.od ~ . On thd o·t.b.ar hand• l-ock bars which he placed acroaa 
brooks to J'a.ioe th 0 'Waf.C'" l.evvJ. &c."\<1 CU.tUe J..S.r\. of the flow Of tb~ s\.reua \o 
pas:: OTOZ' b&l-11 ot looetmed g(i!,val r~&ult,ed 1ft d.laon cU.g&~ l'ecir.is wbfJII'.._ 
the cU~Tan1i conditicna ment.ionsd prov-'cl.llod. 1'bi~" ~ to i.ndiate OUI"''M\ 
conVtSr6tmce and ll""ldient wG"e the JiiO~t. illpo~nt. inrl:wmo• on reckl 
d..i~~ 1n t.Jl3 ot tt.c: crea.Wd 6t.ruet,:ures incl~ the v-t;-JA rock 
vo.ir'a in the chtaGnel. 
;.• tcw 'the lliitjor aroa. ct elumpinJ 4S tMt &LoY• the 110~ ot the 
wuil' on ~r• Few-, it watt wonlllieraa it this o\ruot.ure vaa ft:Qt. •ct.ing as a 
d1atr1but1anal. barrie to fi&A uetw~um \b-s \wo ac1Joinill;f; ftp&~ ar••· 
In 1965. it. va not.e.d tba.t a proportiot:lb.U.q larcer nuaber' ot tieh 
r~sia6d in fool 'lhrue ti:an in !'001 Four, t.h• torm..r boi.ng tbw deet; It\ 
ot t.ba twq. Alao• Table Vlli and Fli~· ~ show that; S~wtli.rig Arao 
'l'bree Wld Fowr borderin& f oo~ 'l'hrue were higbl.J ut.ili.•ed wi\h a1gdt1.ea.Dt, 
cl181}Jin~ on pan of Ar• Four ups~rum ot the weir. Qu t.t~• utber b&ftd, 
the a•:•vftiAg ara surroundin,g ;.:.ool Four (1.$. Area ri.ve &ad the lower 
part of Are& four bolow tba weir) wa.e lightly u\illzud. Mhalt.u JDOviDg 
ou" f tho adJoi.n.i.ng J:OOl may be o =-bat uet.errod froa mvine; trul.:t 
\af.Dtream Cl" doWnstr ass. }: et. the \lf-tl.a.J" bee~!US or the •tbl"\:i-t Ve.locit,y 
.r;racli nt. at t.h oritic (ti.g . 40 ). hur b.j. .. ortaJlt.• tc.t.e w•ir lU..¥ fii"'~ide & 
Ueaeck to d1aV1~1oa l:teoause ot terrl__.1al 'behavior at. \hia potu. 
ru.ra o~ .tiab epa~ 1a Uae eont1nee ot tb• wo1r eapetde'1J1a \be.,_ 
o£ •rl=r CN~"~Wat. COIN'tll'&tiQ8• Jut a t• teet. aboYe th• oritio• W0\\14 
\ ·~· ~ea;d ol thl& JJaZTOW pea-~ $.8 w•.una 
'-rltor, \..t t.o at.tao all tor.i&n epaliMh ~ tbrour;h tbe 
orilice. natJ..n.ga ot rodd bc.---t.s Jut ups of the or1t1•• ud 
at. the poi.nt. ot •Jor cl"''plftg Udioate that to~ Ule ~ill 
t.heee regioM occurNcl vitbia the aaae t.«a dq period. Tin• • terri~:rial 
del«\$e mwtt. baYe predo-'na~ed at. the wtir dllr1J1i peak apawai"' and 
poaaibq •• ted to concllllt.rat.e spe.wnizlg above the w.S.... 
&grepUoa,.. not. det.oct.od 1n 1966 oa SpaWDifta Ar• Pour 
abo\lt. th.r weir a~ \o Table lV but ~r .. r«ide ..,_.. et1U ~ 
ut.ills1ng abou\ oDe hall ot the apaWIW1g ana with1n the weir. Noaet.b .. 
1••, altlto h Colla~ 6 ot the table indioat.. th ' S.:t.ion IV vae -
aeoept.e.bl.7 nLDd•• Col~ 7 •ov• tll&t the 11-equenq ot ~redda p-O'rid«< 
by the Sec'Uoo with .A.~'-. FoUl' 4alet.ecl ap~IN\u the f o1&80D W..t.ri~oa 
more M. Lee8 apavaing and a.soni•Uc aot.irit.7 over tb weir ·~ 
~Met, 110re ....a deltSit.1e• 4d tUb 1n Fool8 .... o.nc1 ~, acici.S b a 
1n\er.fereru:• about. the weir in~ aqgen readings are all tact.on ~ 
~ huvt~ •ct«t or iat.era.et.S t.o result. ia t.bia _.... ftndom cU.at.rU:u\1eD. 
s. 
Moat, of t.he spawnen r .. iding 1n the hold.1qg pool wit.h the 
~ nheltw ~ ted di.rect.l¥ beb•th it. PS.gure 41 U1uetn.t• 
t.ho diat.r11Nt.lon ot epatm•r• iJa the pool. Most. of th• fish tayed \Ulder 
tb .helt.orw wbetnv d.q or n1gb , to hig.er percent.gu r-.1Aec1 apoa.S 
ll.' 
10 
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DAYTIME NIGHTTIME 
11g • .U. Ui t.ril>Ution or ~p&~<>nel"S Qo\lt, !~J.el.t.v r lac 
oVC' foe~ Cttao• itlkl"tao .:..l.Yer ChaarAl.• l · • 
1A t.lw pool d.l.U"'ing tb& n1:Jltt.ilao. OTvr tb epa.~ pviod• filih upo•..t 
cli•triwt..S t.h.a•lva ~ dowwrt.rMm ot t.hu Bhaltra- with VWJ1 t• 
being raoon..t. up.Ue:a:a oro to tlHt s1111NJ o.t tbe shelter. 
It. ~ be \hat lttsh' intensi Q' is am 1ntluence on 'Wbethw 
apa:wadJ'tt •Mk ehelt.er 1Q hold1n& poole. More floh WOJ"o tapOa6d at ni&b~ 
and ~~ r duri.ng tbo di!y • but. to aeeura.t(l},y aasea& th1.8 pn~n, a 
senstt.lv UDdeftiater photome~~ wou.ld bw needed to talco dail;r ll~t. 
readlnt~!l both 'W.'k! ... and about t."l c¥ sh~t.er. 
tt appears that. spa-wners on the beds are not. ".:t.t.raot.ect to 
flotat.1n~: ~belt..-. Of sixt)"-five cheoko Ede OD t.hti _,pa.WniDO bdld ahc.lt.c, 
ono fi.ah Wius found und(t~ \h.- uh lt•r onll durin,g t,~u Guccea•ive v~ 
ohckf1, a t t.he verr end of th$ UJ.ll!."'n! • .r~ ~~eon. c~ rtJdu <lc·~iv1\y uaa 
looat.ed beneath or ~t.ljacent the $lH~lt.-er. 
c. Jta.nagGIIM'&l\ ll!rlieatioaa 
1. 
One ot th• ptoobl .. 1ft op...,t.ing cent.rolled flow ebannw tor 
At.la.at.i.c •'eon 8J*.~h is to d.t.end.ne the h1f)tee\ <Mnd_. ot epawnen 
wt:ich can aateq be 1l•«l, ~ 1n mine tbe lim1utions oi .pawn1JII 
diat.r1~1oD aad cha~D'lel daign. At. t.be o\&t.s~t.. one real1•• there 1• 
no one tiauz-e or range of tl.gures that. caa be dnieWI tor uni:yenaJ. 
application to Jtt.lantic H.l.l»n eh&IUlale d.•• variabUitJ 1ft cbar'act.er-
i•Uoa ot spavning J"OJ.lUlations .nd changa in duisn or t't..cilltias will 
pJ"Obably preYUil. 
;. t 1ncU.&n itiV.r't aocordin6 to the stAi.t.ietieal HHSUX"EQUZS 
,loyGd, t.f, c~.awnin... al.atributions were ltu·c;;oJ¥ r£.:.ndoa ~lt.ho~ o.lH~apina 
&laout. wei.re ·a o~ ii~ w.it.b pat.1&1 <Ob&no1•• 1D bed 
1.1l1tsat.1oa. At. \A• bi.gbe t G l.t,y at oa.e t lo JIW eix or &ftGD 
eq\.i&J'e 1..,...,. t.h~ ~ ent. ot tile total redct a.r. waa wp•~ oaed, 
UJd v.u vu pi'Oiab)¥ .._pou1 · ·tor a lower \baA a.nUoipa'-d -a&-W-h'.r 
INn'i.ftl. rn. tn epa.WD1Qa be. Hcn•.o'YC', tn• rodd SJ.;ao• to iftter-
r.dd ~f.'6Ce z-;· tJ.o ie atmi ler to &p&~ d_...it.iea ctua'-ed fOl" 
o _. "'&lRDnicla (&u-nw, l9SlJ St.'UU't., 1960). tience1 t.hiti '*1-*cit)t 
fi~ ror t.be eho\lld Go -vi.weci u &Q allctmeut, &pproacbiDg 
the pra.~tJ.Od..l. ~..,_t. ~ld. 'lbl..a m-.no tbat no .ore ttdUl 300 
to J50 tiu tlhoulci "'"" --.viee the uoaytiiHilt. t10 lftdian Hivar Ql6nllel 
with the iae eOIIJ:.oaiU-oa, au ntJ..o and piq3icU ooDditi.orls VbJ..oh 
Gi t.. 
how• • t.b poaaiQUJ.t.y at.Ul maw that. although ~ cr1.t.1G&l 
redd overlap dici occnu·, it -..:,- not 0.0.. 1irhat sio»ifieaA~ Wl\i.l a 
b.igber ~ d-..i~ i.e rvacbed e.pec.i.aJ.l1 a tba are of 
di~ per te.J.e contJ..n~Ma t.o cteor ••· ~r•vw, Sectio.ua ll and Ill 
h4ld at the hi~hut. spa~ dllll&Ut1"7 (#1g. 25) at.ill haG e•wru 4.W~.drat. 
w1.tb 110 r«lda J.J,ot.t.c. For -.h1• Bon, it ia roc.ora.actocJ t.hat. tb 
abo•o allotaent. oe used ae a lllaXim.lra Wlt.il tw-t-Mz' -.per~t.a O&Q 'be 
carri«i oU\ at still bi&fler epa~ dctsit.lw to tinallee it tM 
~e salt rtrun a the .,.t, pn.ct.ical em bc:coftc1al to ..,.,._ •• 
Aa ~ earll_., the cbfnvwl •nag ent ot t.he Iftdian fd.YGI" 
acut• ~will probabq not a ppl.7 :precia~ \o sal.aon 1n channels OD 
ot.bdr riY'4B'e eioc tb JlGi ula.Uons in th will likCIJ¥ be ao ewhat. 
ci1tf'arw1t itl hiolof,ie&l. chamcteri .5 t.ies. howev1.tr1 th~ writ.er oo idw• 
i t. mi!u to ~en l st,,t.~tr; abo\lt · nugcoot ot At.la.nlJ.c 
preltm11NtJ7 r..ult.a p.th_... on a seoond grila• populelt.ioa at, tiHl 
'faul'a <>-mwl w1Ul aligb\J¥ dU'terent tJod¥ size and quit.• dit1'vent. •• 
I"&U. wve .ooasiat.ct. Wi.t.b Indian Id•• "sult.a. 
'11M 6ftdiot aad tqdn\Alic design a\ JalJ.an iU.v• Cbaaoel 
appoa.red t.i,t'~ctor.y tor adtal.t. di.a\ribut.icm. Ther• would • .._ to 1M 
llttl.• ad'¥8.ftt.a&e to alt.er1J:l& the wattJr veloci\J' f.U\d depth r~ee ,.,.., 
\1 .s ~i Ul aril..~• nan.. 
5Ull holdi.ng poole tour or tiYe teet 1a depth SJ:41Cad at 
intAniilJS throughout. the Mda are eorw.i.d · im}."'f't.&n~ to the •\II"Yi-.1 
a nd distJ"il'nl\ioA of the adult. while th4W reaido in Ute cbanaol. N.,_ 
toutldland 4J"il•• llfd.nq mt.w 1"1YtJn 1A .han•• Ju.l7 end Augut to spawn 
1n Oct.ober and NoY4MDber. 'D\is IIHl1l rart; ol the spa~ J"Ufttl J~¥~q ent.er 
eh6J'Ulel aDd rGI&ift t.her~ 1ft a ~:r..-.p.a~ e\&\e for more \bul three 
the• Abs..,e ot resting fOOl.e OYtir this period ot t.1ae w01Wl 
obY.loul.J ecpoae the .... ,_... to a<idiUonal st.l"eseM ol wa~ c~ 
and flldai.l.oa. lur\hermore;. ataggeri.ll6 8\Utonble poole tbt'Q\~Pout. t.n• 
cbannel•a 1~ J:rG'babq GUurue J:l¥)f'e nan utlllzat.ion ot the apa"'li.Qa 
ar• since the ~· ot one eha.l.lDw eparsC1.1 populated~ a\ 
ImJ.a.n idYer w•a uaoei&\ed vit.b lower ut.Slisat.lon ol th• adJ*eeat 
•ra~ bo4. 
~.,hel.t.er also secaed to a.tteet adult d1ot.ribut1on within }.!001& 
and mq gonra d1at.ri.but.1on t.o pOOls to 80118 «Xten~. On the other 
h&nd, AA t• ovv &J&wnins beds did not s 
ist.ributioa. 
to attect. sr.:&wnil:ta 
vw-e ot UtU. &dftntage in operati.ftg a chaanel. &.ad 11&7 have e..ved 
!a certain csuea ae a cat"Pier to &pawnint; diatri.bution. 
"'• *>JapOai\ion ot •J*wnin.g pavel. ee-..d quite auita.ble 1io 
•J.'~'  dUtri\luU ae wuld be 8XJ~at.ed, eonaid.-ing it. ••• 80J"HIMCl 
to range wiihill t.b• l.ia1te lfbioh Atllultto HlJDon are lmolta to uUlise 
1a nature &liJW&7• 1.'htJ $petwnlng material should n. s;::r-.d in a deep 
laTer on the channel bot\Gtit. beeause t.bree pound (tl"ilBe l::laoed 
their oggs ia p1\a dug as dqpq a ten inchoa. Niuv Nev1-o\mdla:Qd 
grilae SJ>&~ ~ a...-e.ge ~at lAr&_. in suo. i<lao1ng g.t"aYel in 
.a lqer sYer&gtn.g 24 1aobett on tJ:w ch&ntld bott.oa ilhwJ.c1 .U. tor an;r 
anticit:.a.tctd incnaa• in bed penet.rat1on aDd allcw sa\1stactory lMd 
a.epag~ pro'lided a conUauoua .chedule tor cJ •ntQS a.n:vel 1a -.J..ntained:. 
In \hie regard, anmaal hand ~.adihg ot bed rather than h.U'rowln§ U 
r · ndod. e1aoe Ul• lat.t.er •thod tended to chknge chlnna1 water 
J.-ro!ilu aat poesibq the epaM~bg \1\t Jteat.lon ot s$C!t,1cna ot widt.h 
wi"'-in t.ne Mel. Spawa.1Ds gnftl may 61.• haft \o be r.noYOid, 
SCNeDed a$1 watthed of silt perlGdicaJ.q depenc.tent. on hw etteet.i w 
tbe atmU&l spadi ~ me\bod pl'ovea ~- nhown b7 annual. graftl. gra.dllfl 
~sia and b7 annual. eu-to-t1.7 ~un!val h.t.a. 
~ wit.h t.q\ ega pl.ant.s sugg ~. that ot-.annel apawn.ir¥l 
distribution lll1gbt be ettee\lv~ controlled bJ the lid.ologie\. F\lriher 
invut.4tntiont:; utlliziag unde and ot.ner pi"OJ.-&red fonnatioDe ~ 
rusult. in development ol a ~ to ov~ diat,nbut.e G~\ilning reduc1n& 
1o e&!t mor~lit.¥ o u•ed from overapa;wnlng. 
In aitua.t.ion wb lao\tom Q}O i.e smell, bank and cbwmel. 
!J"ttaia.nt.e e..re constan • tho Yiew.l.l. it!Ol.a on J.l"'V.s.,ied bei.wecn ,~ire i.e 
low. Cban.nel widt.hs ot sh\Mn -teet w1 tb th• present t.ot.toa profU•• 
bardJ.¥ aU•r t.w I;.&a.irs I"'OHl to SJ.'lWil betJJ.de .acb ot.her without 
a1gnU'icutt. OYG'l&ps aDd irlt.erf•reno" bKv.., spawtdJJG torrlt.oriM. 
· '1\hou\ gn&Uy eJ.t.-11\1 the ·we~&r d~tb aDd nlooi'W Frofilea, there 
aLight. be urit 1a conduc\bg t~~Xp~tr1ment.6 with inc,..e«i chuan•l widtaul 
or ""i tb s t.and t;•rd wid ths but :;:.-artitioM ina-t.al.lod. which ar fetle't.re.ble 
'toe f ish. Sucb p2-rtJ.al terri er-s might be N!Gli~ed by pl&.cing gr&.Yal, 
rocks or tx»ulders into lmr e.-ubsurtMo ~ in some contigwaUoa W11eh 
woW.d roduee YisibllitJ O.tween r ire &J."fl\411.ftt alo~id• bu\ would atlll 
aU,., fl"•• paasage ot tiall o.v the spawaing a~u. 
R-.rdina ut.illut.ion of ehlliUMWI by oth411" tiah besid• a.dul\ 
Atlaritic aals:nt it ie 4~ adviaabl. · to exclude at.lmon f*rt" and 
ot.b r o~·«dea eo e.s to &.wid ~v egg }.1.NdatJ.on oba~ 1n parr 
a.nd t-J'Out J.•_pula tJ.one. AtJ;y <ftift.ll\age a.ttol'd«i a alcoa egg t•rt.illia\1on 
tv' resid~"& alA p~.rr l.a pl'Obebl¥ aore than lalar~Jed by tJbe eggs ~ 
.,. 
2. Him ie!1.ro!p!pfe 
For -aw )-.ra, the Boaourca DftelDplll•' Br-anch of \he Dtlpa1"111attD\ 
ot F1ah•ria• 1n thtwfo\llwU.and tas be-. aondUCt.ll\i ••·•wnin& eurv.,. 011 
atr.uus after the sp.~ ••eon hae tin1ahed in &D- att.er~t, to uta~h 
tb agnit.ud.e ot t.h• ape 1ng •ec&l·· etta. 'Thea• r\'UI"'V4V'e gene:ral.q 
con&iet. ot vslki~ or floe.t.iJJg :st.r and notine the maber aDd loo&UOD 
ot th• redda. -Ddt~ ~ o~ 6\&I"V..Y uf~U&U7 pinpoinw t.he maia ~ 
ar•s 3-nd giYea one 60ale idea of armual fluctuatio• in ntns, 13ut. it 
tells 0,_ litt.lv &bo\lt th &-Ct.ual size of the ~ee-&-ptMeut., becaws• it. 
ia Uftknowa how 1!1anJ red-da can be attribut.w to -.ch J,:eir, t-.J.e ar 
flab. ¥d.t.h At;.l.ant1o salmon spawners, 1t is not possible to do a !iah 
count. on t.be .OJ.AvtUnc bec1s Unc:u t.hq tend to Yer.t l\&Give orct.ur•. 
Horeovel", it. 1a g•eral.J¥ -~ poatibl~ tc conduct. r•llablw oc\lnta or 
ut.ilot." duriDe t.hcai.r earq migration int.G ~ :r1vq ail'lH eount..lqJ 
weirs an DOt ~ aYd.l&bl•· 
At. llxi1&n fdver ChaMel, trom daily plot.tine: of iDCr•ente iu\o 
the redd.*, J.t ~ • bee poeaihla t.o conaiat tl.)' a~-ar; t.e t.Jl•s• workinge 
u d4tlin1t.e ax;>a~i&l 811tit.1... HoweYv, OQ the natural spa.Widllg ~· 
ot .._ river, it ia very difticult. to d•tirw r.ad.a this tii.Xti.et.l.)r. In 
n.Dt., it ia ott. .impoerd.ble to nan recognize the exact. ~)er1pheriea 
ot thea, t.w or t.br•• w .. s aftc t.te~ .;.;re built.. N.mee. an ara ot 
d1g -• ing \libioh mie-bt. be decipher«l tw dd.~ _plotting .a$ two or three 
dininc~ l"edU bJ' the criteriA f'lo:ted at tbe channels, •••11' 
f~ ni\h 001 vieit. at the end of Ule aeuon aa ·ODfl krgo asa ot w-
difterenti&Ud di&gi D& w.ich on• 1.a forced to cbll. ~M r«<fl. 
to cut. 80ltt8 light. onto the d.~ficanc• of tbia disorepaJ1G71 
cb•-'V'41 r.W. which were Jflot.t.ed and cowU.ed on tba exact. brusis, w_.. 
r.co\U'lt~ igaor~ all the \.-voral iDto tlon conc\tl'nina the 
inci"Wnun\tt. t'h1a Da&lt t.b.a.~ ~ore upe.U&l ovvJ.at,.s o.tve411n two knwa 
l"eddo exia~. th«f were oft rdO<>unted aa o• redd.. i.bt.h ooW'.lt.e w.re 
then r'llat.«t to th• knowa anaual ctsoap.urrt.a of the cshannel. 
lt CSA be soea r"'m Tabl• Ull t.h&t with t.h• precise coWl\ 
in 196; and 1966 at tbu channU.. there W&8 :ro~ly Oikl redd plotted ttt~~ 
every tiab in ttl e&CU~.r nt or a tout lt redde tor oe.c:h t J •l• oo~. 
On th oth b&Dd1 a r~u."lt in those 1 e att. r redd act.i~ty was 
tini.~bdd Mgl ct..'lng t.he aat.irag of iDcr ent.e 1n6ici!.'t.ea ~ len thaa 
Table nil. true I.Wi appar~t red.d counts r•lated to annual &t,.'&waing 
eBCaJ:.>Ment.e, Ia:Uan River Chaanel, 1963 • 1.966. 
I-.. hii &S: saunt ait J:edda AR'·~nat eumtc 11t ~:attdJI 
Redd.a per l'iah_ R«kl• i'!~" f-.ale lt«kla p!! tieb Reckla per t=•l • 
1963 0.76 1.06 
1964 0.?5 1.00 
1965 O.f/7 1.26 0 .72 0.94 
lCJ66 0.96 1.2,5 0.68 0.8'/ 
~ ... £• 0.98 1..26 0.?3 o.w 
one redd p.r tim ia tb~ cbalmel and avprox.ina~ on rGdd 1~•r r-.le. 
In .l96J aDd 1964., rfldd CO\Ul"ta wero c:ond ted on]J' in thle. way and are 
iaol...Otld in tla• \able. It. 18 ~~t. t.ha.t the redde 1.er t"iah er per 
t fi6V•• cc:rapa.re cloacdJ' t,o t.he GUpert1o1Al ebannel rocounts ot 
196S and 1~. 
Ia 1, d.U. conUn\&0\W Wnj.;Ol"al plo\t.ing. it a.pv-ra tb&t 
thenl i 'i ro\lgbJ.,J oao J"CJCld p r tiab oounttWI in t.ho Channel. while with 
~1., post ~J .. awning ~u.rY4!VS o~ one radd per t-ale ie count.ed. I\ 
is bol1$Yed. t.bat thiti inf"ormation me,.y J.l'OYe uaetul in ••t.t=at.in& natural 
epa~ populations on Indian 1uver &nd other s~ U turtber t.uUJtc 
indiCAtes tba.t. t.heae relat.ionehiv~ a}lply \o ftiG.t.unU. s~~ coDtti.Uonlt. 
si-• ot S):&wni~ po_pll.at.i.on • l!\!'f:bt.'T p£ tn y~rent r'lldde counted 
proport.ion of r--.lea in _po~\ioa 
whi , BpJ.l.i•• to I:rnian tU:ver Channol "''i.l.l be iq>Jllled to Indi&n idYC" 
i\s.:l.f and checked fol'" Wtl.idity 1n oMOid.ng '¥ re. Thia ';~;ill be done 1Q' 
cont.in'l.l.i.na t.be redd sUl'"'Yeya hnd ~~·u.ri.ng tho annual e"&t.irlia ted sir.e of 
th ~~ ula.Ucn from t.he a boTe .formula to actual adv.lt. eounta now 
posaJ.bl• 01\ t.hi:s ri..,. b&oawa• ot a new~ erect«! cOW'lting ter.o• on t.be 
lover ~rUon of t.h VA~ed (Fig. l.} . 
How nl..i.abl• t.h1a tonaula l'W,-7 pl'O-vo., r.al to be •em• Bwn 
it it J..rOdWSes aceurb'te eLtt.i.ma.t.e-s at In.-llan fL ver, lt. would n. adviaabl.8 
to rurtr.er teat t.b ,..,lationahip b-.r ~f#lectin6 an ad<lit-ioool :r.t.ream 
•'hose gri1ae popult, t.ion is quitca di.t.tl:)rent in s1~t~ and s&X. ~.-osition. 
It th\11 ratio of orta redd rer fotst.~~\') is ~till llF•i'leld, then t.h•r• ahould 
be ra~a to be optiaiatic that, the rtJlat.ionship ia applicable t.o 
other riYera. 
1. ;. lant.1 eaJ=n w • be.,.«i t.o Bp&lwA .1n com.r&lled .flAJw cmazmela 
leeat..d at. Indi&a MYW Ud Jioel r-aul•• !rook Ytitf7 naoeaal\&l.1J1 t ... 
or diPaee 01' eeriowt ... Ht..Uoa. GoDd1Uon of apawnva rtlained 
...U t.hJoollgbotA the a•~= 14th mr\aUt.J trcma J>Pecs.t.ioza a..-toua 
in oaq )'"e&r at IM1•n .d.v•r l'fheD it Wfls n •ury to U411"C1ee 
eea\rol --•'~~"• w1U\ a lDcal r.rdnk ~t.lOD. 
2. Spa14n.ing ot adult At,lant1c sal.mon ~s obaiJM'ed 'ii»~ witilin th• Indiaa 
R1 ftl' Sp&.'ldl1:lg Cbazmol. and within a tJpOO.lal.l,' bUilt obe .... tioh 
chamber. Tlu; general eectu.nee or syalfni.ftr wa~ t.abliebild ata.rt.ia& 
wi t.h th~ diWae QC\1on _.. th4t ft!Jmale., inclntU.ns one orgasm ~-­
the pe.U l:.nd en.di~ with eevar1I"~t of t.h4t terUl.i~ed etm• 1n greyQ, 
b,y th • teCi&l.e. 
). :cbt.h aebers ot t.ho epawni.nt:; pair dluplll¥«1 &.b'Oniot.ic ruetJ.ons 
to'lllaJ'{la i.nU'\ad II ill dttffiDd:ing tJ:utl.r CH~ ttJI"ritoriea which 
eent.er.S alaout, th• r d.• w egg noat.s. In lDiD!Jt ca.sea, the t.errito17 
wt&.s qW.k t.ranaito17 both 1n ru:pt'd \0 s,.:.awni..ng lceation aDd 
ap&\!o'ning ut.e. Faal .. did not. a.L.,..ay• pl.hee hll tbe.ir apawtd.np 
into one rede t.act it waa oo n to observe mc>.t'e than OM t • 
eoatribu~• to the <:Jf.At.ial. •nt.it.y of th-e redd. 
4. 'fhe redd riiat.ributJ.ons in Indian River Clw.nn•l raain.l.,:; eontonaed to 
hyJ.otJ'uasia ot ~ octom distribution at. tit~ ~pa:wa1ng deneitt .. 
axamin«<. Con ~ oua And disJ,.eraive i!tcl eats wer not.ed alon . with 
i;o.tial ciul :• in t.h• ut.ili2.0t1on trom H):·&~ bod to :t~a-wni.Qg 
bed and t c tur t.o «<t; o! the channfJl. Contagion or Cl\lafling 
ot roads w.a. observed with the s.cales o£ mUE.o.sur~-mt ~loyed onl.7 
1D one 7-.r on one apaWDing o.d cont.a.illi.n& a V-Gtwll:.«i rock w.t.r. 
'l'h• eh•:ng• in ut.U1-.Uon of ss-awllin.g areu wGra lbr&.:ll a\t.rlwt«l 
to ChWfi in th$ deuity of spawners ru.ldinc ill th• ho:Whta poola. 
!he ~ed ue o-1 cbanael llhor•Uu durin« t.n• laet ,....,. ol 
et.udy wan at.t.riout.ed to p.byaicu lllltArutJ.or.a ot the wat.v d~tA 
fl"'flli!'G a.dJa.c t. tiu~ vdgea l!ddc:r: allowtiJd Sf..-G.W.1twre to .l.ooato IDOI"e 
ot t.heir redde &.long t.n banks WJ&n in p~nioua Je&ra. 
5• As t.tus dcual.Uea ot apavruu-s at. Iadian Biver Channel iucr•s.S, tb• 
ndd area vtlli.lled bJ' each tWJJ&le diainiahed. but. r«k1 a~sit.loD 
-~ill eo.nt.inued to ineroue. At tb• hit#utat. 5p&Vn1ng ceaei-
iapoa\ld lidJ.ich was one tzn' 1 • ~- 6 •4 aq\1&1"8 f&l"ds, ro~ one 
quart..r ot t.h• ohanaol. &pA~ bed vas 1-J.Maeci into red.da with l3 
J.<W c.U. of thtt redd u. euperiaposflld.. 'Dw aw.J.l.a bl nid*lC• 
•""• ~. t.t.at tbis ciensit.)r of $fi8wnv8 aa;y bo appro&chizl& a 
practical ~ .. c1~ bu.\ higl'KI1" demsit.i•• should be t.oat.t wtore 
adoptiag tbie apace .u.rt.aent in ~ the cb&uel.. 
6. UailJ' t~uct.uatJ.oaa 1a vat.er tGpl!d"Gir.ure and llght. J.nt.enaitJ a\ 
mth.n idYV ap~ GOm\M\ed wJ.th cl&iq changb ill \he n\labertt 
o1 tiall .,~ from heldinc pools to apawniag u.a. 'I'll• d.,... 
of rel.aUouhip between water t.~tve and spa~ aoti"fit.T 
was oba.wved to be a:ipifi.oant. in the !aut year of atud1 bu\ 
insir,nilioa.nt. the nt»C\ • a phenomuraon 'Wbioh could lliDt bo GfJl.d.noci. 
A l5t&'t.itl~ical analys1 or ll ·';ht waa not posaihl r.·uu to lack ot 
ins~rumantat1on. 
7. Ao.v.lts, when eho<>Gill8 d.toa io1· tJpuwair· 1 •P..,~ (tUt.o t.lui'iJl.e 1.n 
tli~ obo1e or wat..r ftlocit¥ t~ vc..ter d.-.pt.h lol.tdcio ie large]¥ 
a re!leet.ion or t.he 1rat.er vtll.ocit~ tJJlC! d•pth •~ill:.Ole. '1he ai£Wra111& 
distr1but.ion& intU..cat• ~tan:; pu"t.ioular ·~· o£ dttp\b or 
Yel.ocit.J 1¥~ w.l.tldD t.b• Dlln:"OW reg!Jau pt"OYid..:l q, cbarmel. dui.p 
1 an ~uitabl·e-.• u at\f othor to m&llll.&•4hlt.· 
8. Froa subevfac• curren\ st.ud1ee within un«• cr.\od 1ft buJ71na 
t t, egg ~t.s, U, 1a post.ulattld that. u uoe& o£ N:wi- aub-
t.vrntWB.n ourret. «dat.u on t.be !OI'WUI"d slope ot auch IDWlda. 
Dli s area of .....Ueal d.rov.lat1on into the IIOtll'ld at.t.ract.• adults 
ovw ot.her areas d...,i.d of the.ee OJ'" sled lnr fOl"'M.\ioU. It. b 
bello-reel tbat thie partJ.J explains wcy nelda ttevelop tv" t.be pattern 
t.ho.)f do tdth t-mal(ia oriemt.lo4 Utoir diaiing &ad as;.aWlli.ng aooo~ 
to t.he subeua-tace flow upst.roam ot the ap• ot the pr~ dlJgi.D£• 
The e.U.e\ ot th• t. .. t plant. moUPtls waa aufticion~ llal"'ked \o 
auuest. 'that sFa~ di.awiwUon ~t t)• etr~ct.ive~ contro:u.d 
wi. thio ChanMla b.1 uUllci.J15 euoh 110ud to.._Uou. 
9. 'i'be pretumce or a V-sbaped. rock we1r on OM spawning bed wan ooiD-
eident wit.b oigoil1oant.. olumplne ot the rfldd dl.at.r1bu\ion. '1\w 
structure. appeared \o act 1us a dletribu:tlional. lauT.l&r probabq 
bec~use ot territorial b«~aviour rv.ltiaeed by pe.irs apawnin,g witbin 
t.~e eonr1nee or thf.l weir am poosi.bl)' because of a. .. harp CUJTGil\ 
grt,diont tedat.~; ~t. the do'Wn.Str~~ oritio•• Honoe, ~•in of 
at.a.gger\ld or V-i!!hape w.rietq aps:.~•r to be ot no ma.nageaaent. .Ovant.l1.&• 
ill channels • 
10. Most apawrwra roai~ ~ .. ithin on ehal'Ul~ b.olc:LI.J:~ }.OOl woro 
obsa 'ed t.o c.o..~te ooooath & p.l.1wooa llli4il.tv j~L_,coo in it. 
Spa'tflWI"e ahow«i DO vr&f'~• tor &JA.~ ~ '-'OVC¢'ud 07 • 
aeconc:l ell.al. t.er. 
u. h.ventual.q, a ..nhod or •t.imating stnaa epawa1.J:Ig UOApaaent,a 1ar 
counting 1-J1e redda 0t1 8'ptlwniag o-ollllh Jl.ll\f be poeelble ill oertain 
&1 tuat.ions bat. .turtber teat.ir~g ot the &aethod is st1U ntee.......,. 
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v. ACK~KJM rrs 
I vi* to aratat\al.q aaknowlqe t.be pidanoe gi.Ye D7 H-.orial 
UDiYet"ait,' of llwfound]•nd while writing the UD1184r1pt,. I - uat..hl 
tor the p'•nn1 ng ooat.ribut.ecl bf' rq 11\lpel•Yieor • Dr. T .w. .MdCDl' • Auiat.aat 
Pro!euor ot Biolog, d tor the cri.Uoal nview proYided b7 Dr. c.w. ADdr••• 
fTo.f aor ot Biol.og. Dr • .J .A. Tague, Aeai.e nt. i~roteasor o.t Math tica, 
gave belpftll adnce atrthod.a of at.&tiat.ical ana.17a1a. 
I aa indebted to t..he Resource Dwtiopact. .Braaoh of the Fed--..1 
Depart.ment at Fiaberiee tintq !or pel'llittJ.ng tile pr .. etat.ion ot the 
matC'ial. iA tb•i• toN and eoaond.ly tor the t1nano1&1 aJWl t•he1cal 
aaaiatance give. I w.lah to eapecial:Q- tA&ak Mr. V .R. Taylor, Chief of 
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0.9 ·4 •• , o., ·'. ,, 
Ill ll4 0.4 • 2.7 1.26) o.m o.s • a.l 0.841 0.246 
II and lZI 134 M •2.7 1,)0, o.,a, Ot5 • 2.1 O,tzl 0.244 
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It • 47,0,. e el401 a I Jf a ·•' 
It • 44, + .1141 • .o'JJ + ,WJJJ.J 
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11 
ani.SV ( •· tl 
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AtUW." ,,..rd d11 qk lov dtJ:allJ tt • ,1)0 + 1.6551• ,Wff • /1413 lJ 9,6aJ 
!eU•i" ~rt!JI ant Ill 1111\f It • 3)),49f • )8,99)1 ·•1.49lf • ,QlllJ 17 lf,ijl 
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or•e1J1i1 or •ercen\ ot daiq ch1oke Dhllllin& no elt&nge ill coun\1 te a~lininu beda, IM1an RiYtr Challllfl, 196,, 1966. 
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Denel 'f M14nigh\ J6,0 64.0 o.o 5().0 ~.o o.o 100.0 o.o o.o a.o. .... lhO• 
1966 1't1 k u.o ;,o )3.0 4M u.o 44·0 !hOt , .... o.o. • ••• a,e, ' 
"''' 
Itw At\ t),O oo.o o.o 42.0 :~.0 29.0 67.0 o.o JJ,O o.o 100.0 o.o 
Spa•lllq RYWna 46.0 ,.,o o.o oo.o ao.o o.o . o.o 100.0 o.o 
•••• 
o.o • a.o. 
hllltf M1d!liih\ $0.0 5(),0 o.o 5(),0 ~M o.o 100,0 o.o o.o lltOt a.o. a.o, 
n,o, • 110 ooo~reoo• 
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